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This document summarizes the following email discussion:
[96#30][NR/] UL data in inactive solution A (Huawei)
-	To capture detail of the solution for sending UL data without RRC signalling in inactive state and without UE initiating transition to connected. Focus should be on the RAN2 aspects and to be as independent as possible of the Phy layer mechanism that is used. The solution should address the questions identified at the last meeting
	Intended outcome: Email discussion report
	Deadline: Thursday 05/01/2017

This document intends to:
-	cover at least the list of questions in[1] agreed in RAN2#95bis
-	capture RAN2 aspects of the possible PHY layer mechanisms to be used
-	take into account thedescriptions submitted to RAN2#96 in [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [13] and [14].
Description
UE context in RRC_INACTIVE
The UE context in RRC_INACTIVE includes the configuration of radio bearers, logical channels and security like in RRC CONNECTED.  The UE maintains the same RLC and PDCP entities like in RRC_CONNECTED and maintains PDCP COUNT and SN of PDCP and RLC.

Question 1: Any comment/suggestion/further option for the contents of the UE context in RRC_INACTIVE?
	Company name
	Comments/Suggestions

	ZTE
	The UE context of RLC and PDCP as RRC_CONNECTED should be maintained in both the UE and the network. MAC and PHY should be changed to the default configurationof the cell where the UE initiates the UL transmission.

	Samsung
	At the moment we do not expect anything specific with regards to the UE context content or handling from the viewpoint of potential data transmission from the INACTIVE state. In other words, a UE will keep and use whatever it has to in order to perform correct functioning as governed by the system design.

	Interdigital
	We agree with the UE context defined by the rapporteur.  In addition, we should also look at means to reduce the amount of stored context by allowing deletion/removal of some bearers when the UE transitions to inactive state.

	LG
	We agree with the Rapporteur’s analysis. However, MAC configuration, e.g. DRX, may be different in RRC_INACTIVE than RRC_CONNECTED.

	Convida Wireless
	We agree with the Rapporteur’s analysis. Also Agree with LG that some of the configuration for e.g. DRX configuration may be different in RRC_INACTIVE than RRC_CONNECTED.

	CATT
	We think UE context stored at the UE and the network is similar to that of NB-IoT. The UE context is required for fast RRC connection establishment. For UL small data transmission, it is not expected to establish a RRC connection. 

	CMCC
	We agree with the Rapporteur’s analysis.

	Ericsson
	We think keeping the RLC context in RRC_INACTIVE is unnecessarily complex and does not provide any benefit: The network will send a UE to INACTIVE if it has no more pending data. Hence, the RLC window will be empty anyway. Nevertheless, the network would need to maintain the RLC window state variables and timers and even forward them to the cell in which the UE resumes the connection. We would like to point out that RAN2 decided earlier that maintaining an RLC entity is not even necessary for regular CONNECTED mode mobility where the UE may be in an active data transmission. Even there, the RLC entity is re-established. Hence, there is certainly no benefit to maintain an empty RLC entity for an INACTIVE UE. 

	Nokia
	This is not just option A question but more generic. We think you included good set of parameters for context – in addition basically “RRC configuration” can be part of context as well.


	OPPO
	Agree with the rapporteur’ observation. Besides, we should also consider how UE and network have the aligned context, especially when UE moves within the RAN notification area.

	Intel
	Ok in general with the main idea i.e. the UE AS Context is stored/maintained in UE and network side, including also the UE PDCP context/entity and UE AS Security context. Moreover the configurations to be used for all layers (including L1) need to be known somehow by both UE and network (details could be FFS).

	
	



Rapporteur’s comments: Most companies agreed with the description of the context above, with some additions and comments:
· MAC and PHY default configurations could be included, to make the context similar to in RRC_CONNECTED [1 company, need for PHY configuration mentioned by 1 other company]
· Possibility to remove/release some bearers to reduce the size of the context [1 company]
· DRX configuration in MAC layer may be different than RRC_CONNECTED [2 companies]
· Context could be similar to in NB-IoT [1 company]
· RLC context could be deleted since the window would be empty [1 company]
· RRC configuration could be included [1 company]
· Need to consider alignment of context between UE and network sides [2 companies]

Proposal 1: Agree to the context description as a baseline, with additional enhancements FFS, and with the RLC information as FFS:
The UE context in RRC_INACTIVE includes the configuration of radio bearers, logical channels and security like in RRC CONNECTED.  The UE maintains the same PDCP entity like in RRC_CONNECTED and maintains PDCP COUNT and SN of PDCP.  The possibility to maintain the RLC entity and SN is FFS.  Additional information can be considered for the context if a need is identified.

[bookmark: _Ref468896248]UL transmission and contention resolution
From the various contributions submitted to RAN2#96, the identifiers used for the first UL data packet and the contention resolution could be performed according to the following:
1) UE -> Network: data+UE ID
2) Network -> UE: UE ID
As described in[6], 2) could carry grants according to BSR included in 1)if all data in the UE buffer cannot be transmitted in 1). In such a case, subsequent transmissions in RRC_INACTIVE could be contention-free, e.g. until the UE buffer is empty.
Question 2: Any comment/suggestion/further optionfor the use of identifiers and contention resolution and on subsequent transmission?
	Company name
	Comments/Suggestions

	QUALCOMM
	If subsequent transmission is allowed in RRC_INACTIVE, there should be a mechanism to ensure the total uplink packet in RRC_INACTIVE is below configured small data amount.

	· ZTE
	The contention resolution at high layer (e.g. MAC)may/may not be needed. Details on the contention resolution are FFS based on the evaluation of company solutions. One or more packets transmissions in INACTIVEstate should be allowed.

	Samsung
	Referring to the set of actions depicted in a table in section 2.11, our understanding is that there is no contention resolution phase the way it is known in the LTE or UMTS system, as a UE just sends UL data over the “UL contention based allocation”. However, as the proponent of the scheme has not provided the details, it is not clear which layer or the mechanism will take care of acknowledging successful transmission of data, which can be viewed as the contention resolution process.

	Interdigital
	We should allow subsequent transmissions by the UE as long as they use network-granted resources.  However, rules to limit the occasions when such subsequent transmissions are allowed should be defined (e.g. when the UE reselects, total amount of data etc).   Furthermore, the gNB should be able to move the UE to connected at any point.


	LG
	We agree to include UE ID for contention resolution. However, regarding subsequent transmission, we are wondering why there is subsequent transmission in option A. The solution A is grant-free transmission using CB grant, and we think the CB grant is used only when the amount of data is below a threshold which can be coped with one CB grant transmission.

	Convida Wireless
	We share the same view as Samsung.Also mechanisms/rules to control the use by the UE of the UL contention based transmission should be further studied….for e.g. one rule could be amount of data waiting in transmission buffer is below certain threshold…..

	CATT
	If a large amount of data to be transmitted, we think the UE should be commended to transit to RRC_ Connected mode. The network could decide whether a data is transmitted while in inactive state or move to connected state based on the BSR provided by the UE. If subsequent small data transmission if granted, the subsequent small data could be transmitted over granted resources.

	CMCC
	We prefer that there should be a mechanism to ensure the uplink packet size in RRC_INACTIVE is below configured small data size.

	Ericsson
	We agree with Samsung. It is difficult to see how the solution would work without knowing which layer handles acknowledgements etc. This question is also very much related to the other questions below on HARQ, IDs, security, DL acks making it difficult to treat them independently. 

	TCL
	Subsequent transmission should be allowed in RRC_INACTIVE.

	Fujitsu
	For contention resolution, there are 2 options in LTE:
1) based on UE ID provided by UE, which is used for connected UEs
2) based on UE ID provided by network, which is used for idle UEs
Which alternative is adopted depends on whether the UE ID will be valid or not. In case the UE ID is valid, option 1) applies. While option 2) will be used if the UE ID is invalid.

	Nokia
	As usual, Network should be able to allocate UE with C-RNTI in the contention resolution for subsequent scheduling.

	OPPO
	We think that UE ID can be used for contention resolution. Furthermore, the method that UE ID is included in MAC PDU is already applied in UMTS and LTE, and it can be inherited in NR.

	Intel
	- In addition, it might be important that UE sends directly the UL data using the stored security keys, and the UE would not need to send the MAC-I. 
- Regarding transmission of sub-sequent data, we see this possible understanding that some form of control information would be required in 1st and/or 2nd message to indicate this, and how this DL/UL control is defined might need further discussion, as well as, whether and when to consider the UE as RRC_CONNECTED when sending multiple packets

	
	



Rapporteur’s comments: Comments on this question were widely varied.  No company expressed dissatisfaction with including the UE ID in the two messages, although two companies questioned whether this process is properly described as “contention resolution”.  Additional points raised:
· Divided opinion regarding allowing subsequent transmissions e.g. based on BSR.  Three companies expressed support for such an approach and a fourth referred to it as a “possible understanding”, while two companies felt it was not so consistent with the intent of option A, and several companies mentioned the need to ensure that the total amount of data transmitted would remain below a threshold, which could be only the size of one contention based grant.  It seems this point remains FFS.
· Three companies felt there is a need to know which layer performs acknowledgement in order to consider the “contention resolution” aspect.
· Three companies indicated that the network should be able to move the UE to RRC_CONNECTED and/or assign a C-RNTI for any further data transmissions.
· One company noted a possible need for the UE to cipher the UL data with the stored keys and not send the MAC-I (this may relate also to section 2.7 below).

Proposal 2: Agree to the message contents as follows:
1) UE -> Network: data+UE ID
2) Network -> UE: UE ID
It is FFS which layer handles the acknowledgement function for the second message.  It is FFS if subsequent transmissions are allowed without a transition to RRC_CONNECTED.  In any case the network should be able to reconfigure the UE into RRC_CONNECTED if necessary.

[bookmark: _Ref469333977]2.2a	UE ID
In the UL transmission:
-	the UE ID is the ID valid in the RAN notification area, or a C-RNTI allocated from the same cell either when the UE was previously in RRC_CONNECTED on that cell or during a previous UL transmission towards that cell;
-	the UE ID is echoed by the network in order to perform contention resolution
Some further optimizations were suggested which require additional RAN1 work (e.g. replace UE ID by detection of DMRS). For the purpose of simplicity, these optimizations are not considered here (but this doesn't mean to exclude them).
Question 2a: Any comment/suggestion/further option for the use of identifiers?
	Company name
	Comments/Suggestions

	QUALCOMM
	C-RNTI is designed for Connected mode transmission, it shall be released when UE leaves Connected state. Moreover, C-RNTI is only valid in the cell allocated it. But UE may start uplink small data transmission in a new serving cell
To use UE ID which is valid in the RAN notification area is more preferred solution. As a further optimization, if UE ID includes a network ID part, e.g., global gNB ID and a UE specific part, the UE specific part can be used if the UE sends data on the same cell

	ZTE
	We need an UE ID for both UL and DL data transmission. The details of the UE ID should be FFS (e.g. at different layer or different format) based on which functionality (e.g. searching UE context) should be supported. Furthermore the ID used for the UL or DL could be also different.

	Samsung
	Answer to this question depends on which radio network identifiers will be adopted for the NR system. If there is only C-RNTI, functionality of which is similar to LTE C-RNTI, then data transmission from INACTIVE will be most likely possible only if a UE stays in the same cell where it was assigned by the serving cell. To initiate data transmission from any cell in the RAN paging area, a different radio network identifier might be needed, which goes beyond the scope of this discussion.

	Interdigital
	This also depends on whether the UE can transmit data in inactive state after moving to a new cell without RRC signalling.  The discussion should then be handled separately for the UE ID required by the network to fetch the UE context and the UE ID that is used for scheduling of subsequent DL messages and contention resolution.   



	LG
	In RRC_INACTIVE, a new UE ID valid in RAN notification area should be used.

	Convida Wireless
	It is somewhat a bit premature to discuss this aspect without a clear understanding of which radio network identifiers will be eventually specified for NR. However, we believe to take full advantage of RRC_INACTIVE state where UE can intermittently transmit small data while remaining batteryconsumption efficient, UE ID that is valid acrossthe RAN notification area might be preferable.

	CATT
	The UE ID used to identify the UE in Inactive state should be the ID allocated when the UE moving to Inactive state. And the ID should be unique within the RAN notification area.

	CMCC
	UE ID that is valid within the RAN notification area might be preferable

	Ericsson 
	We agree with previous comments that the UE ID needs to be valid in the whole notification area.

	Fujitsu 
	See Q2. 

	Nokia
	Both above IDs as such can work but then one can consider if it would be possible to just use a ID in all scenarios regardless if the area is one cell or multiple cells.

One thing to consider is that how UE_ID is conveyed to the eNB – is it sent in the MAC CE or RRC message like in LTE. RRC message has benefits of extendibility – as we have seen in LTE have been getting into problems due to limited size of first message. Generally we see that we should aim for flexible approach where first message size can be very flexible (quite different in high frequencies vs. sub 1Ghz frequencies). And even one might need to have cause conveyed in the first message to let gNB to control if/when/how access is allowed or prioritized. Thus we hope that we could discuss on which layer UE_ID information would be conveyed.

	OPPO
	Since UE mobility within the RAN notification area is transparent to RAN, the UE ID is at least valid in the RAN notification area.

	Intel
	The UE ID shall uniquely identify the UE AS context within the area where solution (A) can be performed.

	
	



Rapporteur’s comments: A plurality of companies felt that this UE ID should be an ID allocated to be unique within the RAN notification area, and could be the same as the ID used in other procedures to identify the UE in RRC_INACTIVE.  Two companies expressed a concern that it is premature to discuss the subject until we know the general radio network identifiers used in NR.  And one company noted a possible need to determine what layer conveys the UE ID.  Although there was some common view among many companies that the ID should be valid within the RNA, it does not seem possible to reach a consensus proposal.

Use of HARQ/ARQ How (including how DL acknowledgements are handled) and how DL application response are handled on RLC and HARQ level and on application layer?
In all cases, the UE needs to listen at least for an initial DL message that includes the ID provided in the UL UE message. That DL message would only be sent if the MAC PDU is successfully received, so it could be used as an ARQ ACK.
Whether HARQ could be supported is more up to RAN1.
Upon reception of UL data, the gNB can know the UE location, at least on a cell basis. One possibility is that the network can further schedule RLC HARQ/ARQ  ACK/ DL data transmission, either using the UE ID provided in the scheduled ULtransmission, or a C-RNTI allocated during the UL message transmission (if a similar procedure like LTE RA was used).
In order to preserve the UE battery, the UE may only listen for a short time for DL transmissionHARQ/ACK (e.g. response timer).. If an application response would come later, it may have to be transmitted at the next paging occasion.

Question 3a: Any comment/suggestion/further option on the description of the use of HARQ/ARQ?
	Company name
	Comments/Suggestions

	ZTE
	Whether/how HARQ is supported should be evaluated by RAN1. Regarding RLC ACK, it should be discussed firstly which RLC mode can be supported. The ARQ retransmission should be discussion after the HARQ evaluation of the packet error rate in RAN1.

	Samsung
	HARQ mechanism does not only provide robustness, but also increases coverage which is always a critical issue for the UL direction. However, referring to our comments in 2.2 and referring to the table in 2.11, it is not described how HARQ will work in a case when several UEs might transmit on the same UL resource.

	Interdigital
	So far we see no need to have explicit HARQ feedback at least for initial contention-based transmission, as the contention resolution message acts as an implicit ACK. If subsequent data transmission in inactive state is allowed, then HARQ could be supported.  

	LG
	We think a feedback of UL data transmission is needed, but instead of HARQ/ARQ feedback, a MAC CE can be used for this purpose. As the UL data is transmitted on a CB grant, the feedback MAC CE needs to include an ID of the winner UE.

	Convida Wireless
	In our opinion, it need to be discuss further the need of HARQ/ARQ and which layer or mechanism is used to provide acknowledgement of a successfulUL transmission. The need for HARQ also have dependency on RAN1 design of grant-less transmission.

	CATT
	HARQ should be discussed in RAN1. Need of ARQ should be first discussed depending on support of HARQ.

	QUALCOMM
	To ensure reliability, it is quite likely that acknowledgement of UL transmissions should be provided on many layers e.g. HARQ, RLC, TCP and application layer. DL HARQ feedback can be naturally supported as in LTE. For RLC acknowledgement, the gNB needs to schedule DL transmission for the UE and send the RLC STATUS PDU. DL data or application acknowledgements arriving prior to the contention resolution (Msg4) can be delivered in an efficient way since the UEs RRC context is active. If DL transmission is after Msg4, UE will monitor it within the configured “in-activity timer” window. 


	Nokia
	DL acknowledgements (eg. RLC) should be coming from peer entity in order to avoid unnecessary dependencies between layers. Of course, e.g. RLC acknowledgements can be multiplexed with any DL/UL data but implicitly deriving RLC ACK from e.g. PDCCH allocation can cause issues with reliability. 

	OPPO
	We agree that the need of supporting HARQ is more like RAN1 issue. But from RAN2 point of view, we can discuss whether it is possible to perform HARQ in inactive state.
For ARQ feedback and application layer feedback, we think it is necessary for high-reliable data transmission in inactive state.

	Intel
	Ok in general with the main idea. 
-  ARQ might require new UL transfer cycle.
-  HARQ discussion requires RAN1 input – FFS its support and impacts

	
	



Rapporteur’s comments: Considering HARQ and ARQ separately:
· HARQ: Several companies noted that HARQ would require RAN1 input although one company felt that RAN2 can discuss feasibility of HARQ in RRC_INACTIVE.  One company noted a possible need to determine how HARQ functions in case of collision of UEs on the uplink resource.  One company felt HARQ can be “naturally supported” using a mechanism like LTE.  And one company questioned the need of HARQ in this procedure.
· ARQ: Two companies felt it should not be discussed until HARQ is understood.  Two companies felt ARQ was needed.  One company emphasised the need to maintain the layering structure by making sure acknowledgements come from a peer entity.
· One company suggested a MAC CE could carry the acknowledgement instead of having HARQ/ARQ.

Proposal 3a-1: Consider to send an LS to RAN1 inquiring as to the supportability of HARQ for contention based transmission.
Proposal 3a-2: The need of ARQ remains FFS.

To transmit an application layer response,the network could transmit a DL TB in response in the same cell where the UE UL transmission was received, either using the UE ID provided in the UL transmission, or a C-RNTI allocated during the UL transmission.
If ARQ is supported, the mechanism (ID, UE monitoring time) could be the same like the one used to receive ARQ ACK. If ARQ is not supported, that mechanism could still be in place.

Question 3b: Any comment/suggestion/further option on how DL acknowledgements application layer responsesare handled on RLC and HARQ level and on application layer?

	Company name
	Comments/Suggestions

	ZTE
	It should be FFS on the details of how application layer acknowledgement is supported, based on the evaluation of company solutions, regarding UE power consumption and so on.

	Samsung
	Before answering question 3b, it must be clarified what happens to the UE state after it has transmitted the UL message. Does it start to listen to the DL channel continuously, whereupon any DL transmission including acknowledgements will be scheduled as normal data, or does the proponent envision a different scheme?

	Interdigital
	Application layer responses can be transmitted in the same way as any DL data transmitted in response to UL transmission using the UE ID.  However, DL control channel monitor time should be limited for the UEs in inactive.  


	LG
	This issue is related to DL transmission in RRC_INACTIVE, and not in the scope of this e-mail discussion.

	Convida Wireless
	We have the question as Samsung?

	CATT
	DL data transmission in response to UL data should be discussed in detail considering: UE behaviour after UL data transmission, the UE mobility, procedure for UL and DL data transmission, etc. we will provide a paper on detail discussion of DL data transmission. 

	QUALCOMM
	We propose to use some form of “in-activity” timer in which the UE monitors DL, upon UL data transmission. Please also see our comment to Question 10

	Ericsson
	Given that application/transport layer feedback is used today for most services, it is important that this can be handled in an efficient way. The solution described in this document seems to require that the UE after UL transmission always listening during a timer for any response. To us this seems to negate the claimed benefits of data transmission in RRC_INACTIVE. It seems more beneficial to use RRC_CONNECTED which allows possibility to optimize the behaviour e.g. using configurable DRX, timers, quick release after response.

	Nokia
	Network handles the DL application layer responses as normal DL data and will use an appropriate mechanism to reach the UE depending on the scenario.


	OPPO
	Agree with Interdigital that application layer feedback can be transmitted as DL data. Further speaking, the method of transmittingARQ feedback can be applied to application feedback,

	Intel
	gNB could rely on DL RAN-initiated notification mechanism to indicate a UE that future DL data packets come for a UE in INACTIVE. 
However, as we explained in question 2, for the case when the gNB already has DL data buffered when the UE sends UL data, it might be helpful to have a mechanism that allows the eNB to indicate the UE that sub-sequent DL data packet will be sent via solution A. 

	
	



Rapporteur’s comments: Several companies felt this aspect was more related to the mechanism for DL data transmission in RRC_INACTIVE.  Two companies requested to know what UE behaviour is proposed to receive a DL response.  One company expressed that a solution requiring the UE to listen during a timer after the transmission negated the benefits of transmitting in RRC_INACTIVE.

Proposal 3b: Receiving an application response is handled by whatever mechanism is used for delivering DL data in RRC_INACTIVE.  As a baseline there are no enhancements for this purpose, i.e. the UE would remain in its DRX cycle.  Possible enhancements such as a listening timer after transmission are FFS.

Grant size
This subsection is about selection/indication to the UE of the TB size for transmission in RRC_INACTIVE (while 2.9 is about how to decide using RRC_INACTIVE vs. moving to RRC_CONNECTED). The grant size would have to be selected to have good enough probability of successful transmission.It could either be pre-configured or indicated to the UE in a random access procedure
The size that could be supported should be provided by RAN1.

Question 4: Any comment/suggestion/further option on the grant size?
	Company name
	Comments/Suggestions

	ZTE
	This should be discussed firstly in RAN1 about the maximum value and granularity of UL grant size.There should be several different grant sizes for the network to provide, but it is up to UE to decide which grant size should be selected, considering that the MCS for each UE could be the same or different.

	Samsung
	Grant size and its parameters are up to the network, the UE will follow the network side configuration.

	Interdigital
	For 2-step RACH, if allowed, the grant size should be chosen by the UE from a set of one or more pre-configured sizes, however for normal 4 step RACH the network should control the grant size of the UE.  



	LG
	The size of CB grant should be such that the threshold amount of data can be transmitted in one CB grant. The eNB may configure multiple types of CB grants depending on e.g. the amount of data, the type of data, etc.

	Convida Wireless
	It is premature to discuss this without further detail from RAN1. We do agree with the rapporteur analysis thatit could either be pre-configured or indicated to the UE in a random access procedure. The UE may select from a set of pre-configured grant size according to predefined rules to be specified.

	CATT
	Supported grant size should be configured by the network. Appropriate size of the grant can be discussed together with RAN1

	QUALCOMM
	Preamble grouping can be used to indicate the UL buffer size. Available grant size can be restricted by UL pathloss.

	CMCC
	One or more grant size could be configured by the network. And UE could choose one of the configured sizes. 

	Fujitsu 
	For each data transmission, the TB size is configured by network via preconfiguration or command

	Nokia
	Considering the fact that NR is supposed to work in many different kind of scenarios  - very small cells in high frequencies vs. huge macro cells on lower bands will have very different sizes for grants. Thus, actual realisable grant sizes need to be discussed in RAN1 but in our view the grant from RAN2 point of view should be flexible and we should not consider any fixed sizes in our design.

	Intel
	We share the view that RAN1 should provide input to the grant size allowed to be defined or configured for the 1st UL data transmission. 
When additional UL/DL transmissions (for control and/or data) are expected, we understand that UE shall enter into RRC_CONNECTED. Therefore RAN2 shall discuss when, and how this RRC state transition of the UE shall be done e.g. implicitly or upon explicit signaling.

	
	



Rapporteur’s comments: There was a roughly even division between companies feeling that the size could be selected by the UE from a list of available grant sizes, and companies feeling that the size should be flexibly configured by the network.  In addition, several companies felt that RAN1 input was needed to determine the grant size.

Proposal 4-1: It is FFS if the grant size would be from a fixed list or configured by network command.
Proposal 4-2: Consider to send an LS to RAN1 asking about the supportable grant size for contention based transmission.
Use of HARQ/ARQVoid
In all cases, the UE needs to listen at least for an initial DL message that includes the ID provided in the UL UE message. That DL message would only be sent if the MAC PDU is successfully received, so it could be used as an ARQ ACK.
Whether HARQ could be supported is more up to RAN1.

Question 5: Any comment/suggestion/further option on the description of the use of HARQ/ARQ?
	Company name
	Comments/Suggestions

	
	

	
	



How the UE context is located and identified in the network
If the RAN based notification area is a cell, there is no difficulty to find the UE context. Otherwise, there are other possibilities, e.g. the network stores all UE contexts in the same node for all UEs in an area, or the UE ID includes some network ID used to locate the context.

Question 6: Any comment/suggestion/further option on how the UE context is located and identified in the network?
	Company name
	Comments/Suggestions

	QUALCOMM
	1. UE context can be located according to Resume ID, and the Resume Id can contain global gNB ID+ cell id +UE unique identifier in that cell.
2. When the UE context has been transferred from old anchor gNB to the new serving gNB, the UE ID shall be updated to reflect the new UE context location. 
And that new UE ID shall be indicated to UE with UP or DL RRC signalling

	ZTE
	We should firstly consider that there is at least one anchor node which stores the UE context within a specific area (alike the RAN paging area). One UE ID (alike resume ID) could be used to identify the UE context within the paging area.

	Interdigital
	Either a single RAN notification area specific ID or a combination of a cell unique UE ID and a network ID could be used to locate the context in the network.  In either case, the ID should uniquely identify the UE in the RAN notification area, and allow the network to find the context.

	LG
	Basically, we think a new UE ID valid in RAN notification area should be used. The new UE ID is provided by the last gNB when the UE is moved to RRC_INACTIVE. The new UE ID could contain information of the ID of the last gNB. When a new gNB receives UL data with the new UE ID, the new gNB can request the UE context to the gNB indicated by the new UE ID.

	Convida wireless
	It is somewhat a bit premature to decide on this before we conclude on the detail design of RAN based notification area and how this is communicated to the UE (e.g. a single cell, list of cell, a RAN area ID,..). In either case, a single RAN notification area specific ID or a combination of a cell unique UE ID and a network ID could be used to locate the context in the network.

	CATT
	There are two options for UE context storing. Option 1: to use common anchor node (centralised). Option 2: distributed anchor nodes in RAN notification area.  The two options results in difference in architecture, required interface support and procedure. The two options should be discussed in detail.

	Ericsson
	We think the discussion on RAN based notification areas are a separate topic which should be handled separately.

	Fujitsu 
	We prefer network ID is included in UE ID to locate the context.

	Nokia
	We should aim for flexible INACTIVE state where RAN paging area is very small e.g. just a cell– then finding UE context may be trivial. But paging area could be also fairly large and then UE needs to give some idea for the gNB where to find context e.g. global cell identity.

	OPPO
	We think there should be an anchor node (e.g. in CN or in RAN) in the RAN notification area to store the UE context. If needed, the serving RAN can fetch UE context from the anchor node. And UE ID can be used to identify the right context.

	Intel
	The UE ID shall uniquely identify the UE AS context within the area where solution (A) can be performed.

	
	



Rapporteur’s comments: There seems to be a general consensus that the UE ID should allow to locate the UE context.  There is no clear consensus on what that ID should be although the Resume ID was mentioned by some companies.  As one company noted this may be part of the general design of the RAN notification area rather than a solution specific to UL data transmission.
Proposal 6: The UE ID should allow the network to locate the UE context.  The actual UE ID format to do this is FFS.
How to ensure that only the right UE is using the UE context, including the UE need to provide some proof of having the right UE security context
One option is to transmit a short MAC-I together with the MAC PDU, which is calculated including the UE ID. However, it could be questioned whether that is really necessary:
-	for LTE, integrity protection is only required when an RRC message is transmitted, not here
-	the UE ID is allocated by ciphered RRC transmission, it can't be determined by a third party
-	if a third party would by chance use the ID of a real UE, it still cannot send or receive any RRC signalling on behalf of that UE (since RRC ciphering and integrity protection are on), it can't send or receive any ciphered data, in the worst case the real UE could fail to send UL data in inactive state but could still initiate transition to connected upon failure or receiving paging
From this perspective, it may not be necessary to ensure that only the right UE is using the UE context.

Question 7: Any comment/suggestion/further view on the need (and the way) to ensure that only the right UE is using the UE context?
	Company name
	Comments/Suggestions

	ZTE
	The short MAC-I could be removed. But the UE context related to security (e.g. short MAC-I) should be firstly evaluated by SA3. An LS to SA3 is probably required.

	Interdigital
	We agree with the rapporteur for the case of transmission to a single cell.  When transmitting data to a new cell, while data can technically be transmitted in the UL, as it is ciphered, RRC signalling may be required in the DL to reconfigure certain parameters in the UE (e.g. UE ID, or security keys – depending on inputs from SA3). Once such RRC reconfiguration message is triggered the UE should move to connected mode anyways.



	LG
	As UL data is user plane data, integrity protection is not required. Ciphering can be applied without any problem because PDCP SN, COUNT, and security key are maintained.

	Convida Wireless
	This aspects require input from SA3 and maybe even SA2.

	CATT
	Security for NR is not discussed yet. Need input from SA3.

	QUALCOMM
	Agree. Because We do not provide a protection by integrity check in connected mode DRX today.

	Ericsson
	We agree with Convida Wireless and CATT. Today the network always first verifies the UE using integrity protected RRC signalling before it forwards data to external networks or modify/ move the UE context. 

	TCL
	We agree with Convida Wireless, CATT and Ericsson that input from SA3 is needed.

	Fujitsu 
	There is no need to ensure that only the right UE is using the UE context.

	Nokia
	Security question needs to be jointly discussed with SA3 – It is not only about C-plane security but also U-plane security.

	OPPO
	We think the right UE using the right context is necessary, especially for security context.
The UE ID can be used to link to the right context.

	Intel
	For solution A, the UE's AS security keys can be used directly to cipher the UL data that is sent. 

	
	



Rapporteur’s comments: Six companies agreed with the analysis that the AS security context can be used directly without additional assurance that the “right” UE uses the context.  Only one company expressed the opposite view that it was necessary to ensure the right UE uses the right context, but seven companies felt SA3 needed to be involved.

Proposal 7-1: No integrity protection or short MAC-I is included, i.e. the UE identity sending the user plane data is not verified.  This conclusion is subject to confirmation with SA3.
Proposal 7-2: Send an LS to SA3 to explain the scenario and request their guidance.
How the AS state is updated and maintained in the network (including security keys, NCC, sequence numbers)?
If the RAN based notification area is a single cell, the behaviour could be the same like the UE in RRC_CONNECTED.
For other cases, the answer depends on the different solutions with respect to how to handle the UE context:
1)	Upon reception of UL data, the UE context is fetched to the node which has received the data and PDCP is run in the receiving gNB.
-	In such a solution, all information would be transferred to the receiving gNB which would become the new anchor gNB and the CN path would be updated
2)	All packets transit to PDCP located in the anchor gNB, which has the UE context, while the receiving gNB uses some preconfigured RLC/MAC/L1 and the UE does a RLC reset at every cell change
-	In such a solution, SN/COUNT would remain in the same gNB
In both cases, the UE would continue using the same keys as [QUALCOMM]UE was provided before UE was sent to ‘inactive’ state last time unless the network triggers key change by RRC signalling.
Question 8: Any comment/suggestion/further option on how the AS state is updated and maintained in the network?
	Company name
	Comments/Suggestions

	QUALCOMM
	[bookmark: _Toc462663114][bookmark: _Toc462823994][bookmark: _Toc462831925][bookmark: _Toc462832061][bookmark: _Toc462989860]UE can derive new security keys based on NCC provided before UE was sent to ‘inactive’ state and that new NCC can be provided to new serving gNB when context transferred.
 gNB can respond to UE uplink small data transmission by DL RRC signalling to update AS security.

	ZTE
	The context should be maintained in Anchor gNB. The configuration/status of the UE can be maintained/aligned between the UE and the gNB which could be the receiving/new gNB or the anchor gNB. The security impacts for each option should be evaluated by SA3.

	Interdigital
	Whether the same keys can be used in the new cell will depend on discussions in SA3, but if the network triggers a key change, it may be simpler to move the UE to RRC_CONNECTED for such signalling exchange to occur.

While it should be transparent to the UE whether context is kept in the anchor or transferred to the gNB, we also think that solution 1) described above is less complex than solution 2), and results in less overhead associated with data transfer between the two gNBs.

	LG
	We think a new gNB fetches the UE context from the last gNB when UL data is received from the UE.

	CATT
	We think the small data transmission in Inactive state should not impact the CN signalling. Thus we prefer option 2 where the Anchor gNB maintains the UE context and CN path is terminated at the anchor gNB.

	Ericsson
	It is not clear to us how the solution can allow the change of security keys and sequence number in a consistent and robust way using only user plane packets. E.g. how to prevent that UE and network context gets out of sync if user packets are lost, or if UE unexcitingly move to another cell, how to prevent that security parameters are re-used with different data thus weakening the security. 

	OPPO
	As commented in 2.6, we think it is beneficial to manage UE context in an anchor Node, the node could be a CN node or a RAN node. The serving RAN node can fetch UE context from the anchor node if needed.

	Intel
	When using solution A, the UE in INACTIVE shall use the stored security keys to send the UL data in 1st msg. and to decide the 2nd msg. received in DL.  It should be checked with SA3 if the same keys can be used when there is a change of node.  If not, a change of keys will be needed for this case.  That is transition to RRC connected will be needed. 

	
	



Rapporteur’s comments: Regarding the “moving context” vs. “anchor gNB” approaches, there was clear support for the anchor gNB.  The use of security parameters e.g. to derive new security keys was more contentious with three companies requesting input from SA3.  One company expressed concern that security parameters could not be properly maintained possibly resulting in out-of-sync conditions or security parameter reuse.
Proposal 8-1: The UE context is maintained in an anchor gNB.
Proposal 8-2: Include in an LS to SA3 the questions of (1) whether the keys from the anchor gNB can be used for the transmission in the new gNB, and (2) whether a new key can be safely derived based on the context information if not.

[bookmark: _Ref468896305]How to decide when to use small data transmission
The network could configure the UE with a condition to controlthe use of transmission in RRC_INACTIVE, e.g. if UE buffer size is abovea threshold, the UE initiates transition to RRC_CONNECTED, otherwise the UE can transmit data in RRC_INACTIVE. If a threshold is used, it could be larger than the data size which can be included in a single TB so that the UE may transmit more than one TB while remaining in RRC_INACTIVE.

Question 9: Any comment/suggestion/further option on how the UE decided when to use small data transmission in RRC_INACTIVE?
	Company name
	Comments/Suggestions

	QUALCOMM
	If subsequent uplink small data transmission is allowed, the threshold is the accumulated of total uplink small data amount, e.g., if more data arrived after the transmission started.

	ZTE
	We consider that there should be several trigger conditions mixed together for the UE to determine which transmission method (2-step RACH, or 4-step RACH, or only RRC_INACTIVE UL data transmission without/with transiting to RRC_CONNECTED) is used. UL buffer status could be one option.

	Samsung
	The simplest option is that a UE compares its UL buffer size upon the first transmission against the threshold configured by the network. A more sophisticated option is that a UE does it continuously if more UL data arrives while a UE is still in the “data transmission” state.

	Interdigital
	We agree with the rapporteur and also believe such threshold should be configured per bearer.  The amount of data that can be transmitted efficiently while remaining in inactive state will depend on the QoS of that data, and that would be determined per bearer.

	LG
	The size of CB grant should be such that the threshold amount of data can be transmitted in one CB grant. If UE buffer size is above a threshold, the UE initiates transition to RRC_CONNECTED, otherwise the UE can transmit data in RRC_INACTIVE.

	Convida Wireless 
	We agree with the rapporteur analysis. The level of granularity of the threshold can be further discussed for e.g. per UE or per bearer, for e.g. the UE may be configured to use small data transmission for certain type of bearer or services, in which case the threshold could be per UE. 

	CATT
	The decision to perform small data transmission while in inactive state for the first transmission is decided by the UE based on a threshold configured by the network. Whether to move the UE to RRC connected based on UL BSR or DL activity or other criteria for the subsequent data transmission is upto the network control. The network may command the UE to move to RRC connected.

	CMCC
	We agree with the rapporteur. And we also also agree with ZTE that there could be more than one trigger conditions configured by the network for the UE to choose which transmission method to use.

	Ericsson
	Further analysis is needed what is the gain of this feature compared to solution B, in which data is transmitted on the way to, or in RRC_CONNECTED. Only after this analysis would it be possible to analyse the different switching schemes discussed above.

	TCL
	The UE decision as to when to use a transmission method should be network controlled.

	Fujitsu 
	We see 2 options:
1) UE will not initiate transition to RRC_CONNECTED. It means UE in RRC_INACTIVE transmits data in RRC_INACTIVE at the first data transmission. If more than one TB is needed, BSR or similar information is indicated to network. Based on these information, the network decides whether the UE will be remained in RRC_INACTIVE or enter RRC_CONNECTED. If the network decides the UE should transmit data with state transition to RRC_CONNECTED, RRC signaling or some explicit indication is sent to the UE.
2) The network configures the UE with conditions to control when to use small data transmission.

	Nokia
	We think there is no need to define threshold when to send data – It is coming implicitly from the grant UE gets from the network. Thus UE will just include first all the mandatory stuff e.g. UE_ID, security related informaiton and then if possible multiplexes data in the first uplink message. Then it is up to network to decide whether UE is kept in INACTIVE or moved to CONNECTED.  

Threshold may be more relevant when consider 2-step vs. 4-step RACH procedures and when to apply which one but as stated for pure data transmission we see no need for such.

	OPPO
	The traffic volume of stored uplink data to be transmitted is one of the aspects that UE determines whether to send data in inactive sate or not. Besides, other aspect, e.g. low latency requirement need also be taken into account.

	Intel
	As it is explained in previous responses, the UE and network needs to have a common knowledge of the configurations to be used and the stored UE AS Context (including the stored security key). 
Whether a threshold is needed to determine is solution A is used or not, it will also depend on whether a single or multiple UL data packet transmission is allowed or not via solution A, as it is explained in previous responses to question 4.

	
	



Rapporteur’s comments: The majority of responses supported the use of some threshold, with the amount of data in the UE buffer being the most common criterion.  Several companies felt that the “threshold” could be equal to the size of the contention based resources so that no explicit threshold would need to be configured.
Additional points:
· One company felt the threshold should be configured per bearer, taking QoS into account.
· One company indicated that the decision should be network controlled, and several others indicated that a threshold should be used whose value is configured by the network.
· One company mentioned the need to consider latency as an additional criterion.
· One company felt the question cannot be answered without also comparing to option B.
· Two companies mentioned the possibility of considering also the case where more data arrive during the transmission, i.e. the buffer is not empty after the first transmission although it was expected to be.

Proposal 9: The UE decides whether to use small data transmission based on a threshold taking into account at least the amount of data in the UE’s buffer.  Additional criteria that could be considered (e.g. latency) are FFS.

How potential subsequent transmissions and/or “large data” is handled, requiring transition to “full connected state”
As mentioned in 2.7, the condition by which the UE determines that it can perform data transmission in RRC_INACTIVE may allow the UE to transmit more than one TB. In this case, the subsequent transmissions in RRC_INACTIVE could follow the same process like the first transmission, or, as mentioned in 2.1, could be contention-free.
In addition, as mentioned in 2.3, the gNB may send a ARQ ACK or application response (DL data) shortly after receiving UL data. If DL data can be transmitted in response to UL data, it would be possible to also transmit RRC signalling. E.g., upon reception of a BSR, the gNB may send an RRC message commanding the UE to move to RRC_CONNECTED.
Question 10: Any comment/suggestion/further option on how potential subsequent transmissions and/or “large data” is handled, requiring transition to RRC_CONNECTED?

	Company name
	Comments/Suggestions

	· QUALCOMM
	· Agree. The gNB may send downlink RRC signalling as the response of uplink small data within a configured monitor time.

	ZTE
	The UL data transmission may/may not require the transition to RRC_CONNECTED. We should firstly discuss the detailed use cases in which the UE requires the transition to RRC_CONNECTED. Even for large data (we probably needs to determine how large the data could be), the UE may not require the transition to RRC_CONNECTED. Further evaluation/simulation on different trigger conditions of transiting to RRC_CONNECTED is required.

	Samsung
	In general, we agree that gNB must be able to send the RRC message to initiate some re-configuration procedure, trigger for which can be not necessarily data transmission in INACTIVE. However, if we assume that an explicit message will be needed to command a UE to move to the full CONNECTED state, then we might end up with the same inefficiency as was observed for the UMTS CELL_FACH (CELL_PCH->CELL_FACH->CELL_DCH). A UE with larger volumes of data will need more time and signalling to transit to the CONNECTED state instead of performing that transition directly.

	Interdigital
	· We think it should be network control whether “large data” is handled by moving the UE to connected using RRC signalling, or providing the UE with additional contention-free grants to perform data transmissions while remaining in inactive state and that both mechanisms should be supported.  


	LG
	The size of CB grant should be such that the threshold amount of data can be transmitted in one CB grant. If UE buffer size is above a threshold, the UE initiates transition to RRC_CONNECTED, otherwise the UE can transmit data in RRC_INACTIVE.

	Convida Wireless
	We share the same view as InterDigital in that it should be network control whether “large data” is handled by moving the UE to connected using RRC signalling, or providing the UE with additional contention-free grants to perform data transmissions while remaining in inactive state and that both mechanisms should be supported.

	CATT
	We agree with the description. We think the network should be in control of moving the UE to RRC connected when necessary. The network can command the UE to move to RRC connected state.

	Ericsson
	We share the view that it is important that the network can control the behaviour in order to avoid misbehaving UEs overloading the network.

	Fujitsu 
	See Q9.

	Nokia
	NW can move UE to RRC_CONNECTED whenever it sees it necessary as long as we ensure there is way to send DL data during RRC_INACTIVE as well. In order to enable this “moving” to RRC_CONNECTED one needs to consider what sort of information (if any in addition to those already mentioned above e.g. UE_ID and security related aspects)? E.g. when UE in INACTIVE is there need to convey establishment cause in the first message or not?

	OPPO
	If we assume grant-free method could be used in inactive state, then it can be considered the first RRC message can be transmitted using the uplink grant-free resource.

	Intel
	As explained in our response to question 4, when additional UL/DL transmissions (for control and/or data) are expected, we understand that UE shall enter into RRC_CONNECTED. Therefore RAN2 shall discuss when, and how this RRC state transition of the UE shall be done e.g. implicitly or upon explicit signaling.

	
	


[bookmark: _GoBack]
Rapporteur’s comments: All companies apparently agree that it is possible for downlink signalling to be sent after uplink small data transmission, and that this could include a message to trigger moving into RRC_CONNECTED.  However, several answers also addressed situations where the UE might initiate movement into RRC_CONNECTED, e.g. based on data exceeding the threshold that was discussed in question 9 above.  Four companies emphasised that this would need to be network controlled, i.e. even if the UE has a way to initiate transition to RRC_CONNECTED, the network should be in control of the parameters that govern it such as the data volume.
Additional points:
· One company expressed concern that we could end up with a transitional state like UMTS CELL_FACH, in which the UE goes through unnecessary steps for the transition to connected.
· One company suggested that the original uplink transmission could be used to carry an RRC message.

Proposal 10: Confirm that uplink small data transmission may result in an RRC message coming in response in the downlink, e.g. to command the UE to RRC_CONNECTED.


Latency
If the UE can transmit data as described in 2.1 without a prior random access procedure, the delay could be as follows:
	Time
	Value [ms]
	Description
	assumingTTI=0.5ms

	
	0.25
	Average delay due to scheduling period
	

	
	0.5
	Data encoding + transmission
	Scheduler processing delay 0.5ms

	Total
	0.75ms
	
	　



If a prior random access procedure would be needed, the latency could be as follows:
	Time
	Value [ms]
	Description
	assuming TTI=0.5ms

	
	0.25
	Average delay due to RACH scheduling period
	

	
	0.5
	RACH Preamble transmission
	

	
	1.5
	Preamble detection and transmission of RA response 
	Decoding delay 1ms + scheduler processing 0.5ms

	
	2.5
	UE decoding of grant, timing alignment and C-RNTI assignment + Data encoding
	Decoding delay 1ms + encoding delay 1.5ms

	
	0.5
	Data transmission
	Scheduler processing delay 0.5ms

	Total
	5.25ms
	
	



Such delays do not take into account retransmissions in case of collisions. This delay depends on the retransmission procedure as well as on the collision probability. If the collision probability is kept low, on average, the increase of delay due to collisions should remain low.
Question 11: Any comment or additional input on latency evaluation?

	Company name
	Comments/Suggestions

	ZTE
	The details should be FFS based on company contributions, as the average latency of packet/data transmission could be different based on traffic pattern (e.g. light or heavy background traffic).

	Samsung
	With regards to the latency analysis provided above, we are not sure whether we compare apples to apples. In the first part of the table, we assume that the encoding and decoding delay is 0ms. However, decoding part will definitely take some time because we ask gNB to detect potentially non-time synchronized transmission, which contains not only preamble but also actual data. If we assume the same encoding delay of 1.5ms and same decoding delay of 1ms as in the second part, then the resulting delay will be larger.

Even though it is not visible in this table, absence of the RACH/RAR messages will mean that a UE is not time synchronized and its UL transmission power is not calibrated either, which either limits applicability of this scheme or compromises resulting probability of successful reception of data.

	Interdigital
	It should be noted that the above assumes a 4-step RACH procedure, and the latency could be reduced if the 2-step RACH procedure is assumed.

	LG
	We agree with the above latency analysis.

	CATT
	We tend to agree with Samsung’s comment. Evaluation assumptions should be agreed first for fair comparison.



Rapporteur’s comments: There was no real consensus in the comments on this evaluation, probably progress needs to be driven by company contributions.
Void

Use cases
If the collision probability can be kept low, for a 0.5ms TTI, the UL latency could be as low as 5.25ms or 0.75ms, i.e. slightly above or lower than the latency requirement for eMBB. Assuming the UE has a potentially long DRX cycle (e.g. 512ms or 1.24s), the latency of DL-initiated traffic would be much higher, so that the requirement for eMBB UP latency cannot be ensured in DL. This means that e.g. if a UE only is running eMBB applications for which all traffic is UL initiated, the UE may not experience significantly more latency in RRC_INACTIVE than in RRC_CONNECTED, with reduced UE power consumption.
Several documents submitted to RAN2#96 discuss whether GBR bearers could be kept in RRC_INACTIVE. Due to the small data size that can be transmitted in RRC_INACTIVE, the throughput which can be achieved in such a state is relatively low, so GBR with high bit rate can certainly not be supported in RRC_INACTIVE. Another aspect is the risk of higher delay due to retransmissions caused by collisions.
More generally, if a specific QoS needs to be ensured for certain UEs in RRC_INACTIVE, the network should ensure a low enough collision probability, e.g. by limiting the number of UEs using the same resources.
Question 13: Any comment or additional input on use cases?

	Company name
	Comments/Suggestions

	ZTE
	From the perspective of RRC state, we could support RRC_IDLE/INACTIVE/CONNECTED for grant-free UL data transmission. From the perspective of numerology, we could support eMBB/URLLC/mMTC. From the perspective of UL data transmission, we could have Option 1) only INACTIVE/IDLE UL data transmission without transiting to RRC_CONNECTED; Option 2) 2-Step RACH with message 1 of UL data transmission. From the perspective of QoS, both GBR and non-GBR can be considered. More study in RAN1 is required to evaluate the performance of msg1 with data, and solutions/enhancements may be required in RAN1.

	Samsung
	UL data transmission over contention-based UL resources has been initiated in RAN1 under the big NOMA topic, premise use case for which was mMTC. As it is the deprioritized topic now as decided by RAN plenary, we should account for it while deciding which topics RAN2 will allocate its efforts to. We do acknowledge the fact that faster transmission of data may help other use cases. However, if we take eMBB as an example, it might be irrelevant whether a UE supports UL contention based transmission or not if it is anyway going to end up to the CONNECTED state to exchange large volumes of data.

	Interdigital
	Agree with the above, and note that the value of 5.25ms may be further reduced if 2-step RACH is assumed.

	Ericsson
	It is not clear what is the use case for the proposed feature e.g. mMTC, MBB. … Depending on the use case different aspects might be important or not important to optimize e.g. latency, signalling load, UE battery consumption, radio resource usage.

	Intel
	Ok in general with the main idea. 


	
	



Rapporteur’s comments: There was no real consensus in the comments on this section. One company expressed some scepticism about the applicability to eMBB use cases; one company noted that some use cases may be affected by decisions to be taken in RAN1.  One company emphasised the need to identify what the targeted use cases are.
DRB handling and QoS
One proposal in [5] is that a single DRB, called default DRB,for data reception/transmission in RRC_INACTIVEis configured by the gNB and maintained at the UE and gNB for small data transmission while in RRC_INACTIVE state. All the small data transmitted/received over the default DRB would have the same QoS treatment. The proposal in [5] does not mention what QoS the network would try to ensure, e.g. some reference QoS fixed in specification, some QoS that suits all established DRBs from RRC_CONNECTED, no QoS.
Alternatively, there could be still different DRBs, e.g. the DRBs already established in RRC_CONNECTED could be used, possibly with some reconfiguration, and the network would try to ensure the QoS associated to each DRB.

Question 14: Any comment or additional input on how to handle DRBs in RRC_INACTIVE?

	Company name
	Comments/Suggestions

	QUALCOMM
	If the network is maintaining multiple DRBs in the context as described in 2.1 then the UE should use the appropriate DRB for the UL transmission. This is important for example if different DRBs have different security keys as has been suggested in some other RAN2 submissions, and also maintains the traffic with the appropriate service

	ZTE
	We considerthat both default DRB and multiple DRBs are valid solutions. But we should firstly discuss what functionalities should be supported in different layers.

	Samsung
	In general, we agree with Qualcomm. DRBs and traffic classification rules should work independent of the UE RRC state. 

	Interdigital
	We think the QoS that is configured for a bearer while in RRC_CONNECTED should be respected for data transmissions in inactive.  For this reason, the UE should be allowed to perform data transmissions in inactive only for certain bearers.  These bearers can remain active in inactive state, while other bearers would be suspended while in inactive state (i.e. any data arrival would trigger transition to connected).  



	LG
	We think using default DRB is also a valid option for UL data in RRC_INACTIVE. The gNB may configure multiple default DRBs based on QoS. 

	Convida Wireless
	We share the same view as Qualcomm and Samsung. 

	CATT
	We are considering very small amount of data transmission in inactive state. If the amount of data transmission is significant or the required QoS is not satisfied by the DRB used for small data transmission, we think the network should be able to command the UE to move to RRC connection.
Note that in NR QoS discussion, it was agreed that the UE may transmit data over default DRB if there is no appropriate DRB established for the data flow until the network configures appropriate flow to DRB mapping. Following this concept, we don’t see a significant issue with transmitting small amount of data on the default DRB.

	Ericsson
	We share the same view as Qualcomm, Samsung, and Convida Wireless. 

	Intel
	In our understanding, for the eNB to guarantee a given QoS when a UE in INACTIVE just send the UL data directly, it would be required that upon msg.1 the network differentiates the kind of bearer that the data belongs to.

	
	



Rapporteur’s comments: The majority view was that multiple DRBs could/should be maintained in RRC_INACTIVE, and data transmissions should go on the DRB appropriate for the service.  One company pointed out the need to respect the QoS configuration of the DRBs, and thus felt that UL data transmission in inactive should be allowed only for certain bearers, while the other bearers could be suspended when in inactive state.  One company felt that using the default DRB would be adequate, while one company indicated that either the default DRB or a multiple-DRB solution could be acceptable.  One company noted that providing QoS might require distinguishing the involved bearer already from Msg1.

Proposal 14: Multiple DRBs can be maintained in RRC_INACTIVE, and data transmission takes place on the DRB associated to the concerned service.  It is FFS which bearers are maintained (e.g. some bearers could be treated as suspended).

Question 14b: Any comment or additional input on what level of QoS the network would provide?

	Company name
	Comments/Suggestions

	QUALCOMM
	Only traffic for which the QoS of UL small data is sufficient should be allowed to use this service

	ZTE
	Both GBR and non-GBR services could be supported. Further evaluations are required on the packet error rate and delay which can be achieved for INACTIVE data transmission.

	Samsung
	The simplest way is that a UE only relies upon the threshold provided by the network to decide whether to move to CONNECTED or not. A more sophisticated way is to account also for the exact DRB type.

	Interdigital
	The network should provide the level of QoS associated with each bearer when it was configured in RRC_CONNECTED.  The QoS provided by the network should be function of the bearer, and not the state of the UE, and the same level of QoS should be assumed for a bearer if the network allows transmission from that bearer while in inactive state.

	LG
	The gNB configures threshold and traffic type that can be transmitted in RRC_INACTIVE.

	Convida Wireless
	This should be left under network control in terms of which DRB is allowed to use this service.

	CATT
	We think that network can command the UE to move to RRC connected state whenever it requires. 



Rapporteur’s comments: Some of the answers here read as though they were placed under the wrong heading.  It seems that in respect of question 14b, the consensus answer is that the QoS of each bearer needs to be respected, and this could be possible for various services.

Proposal 14b: If bearers with configured QoS are allowed to be used for UL small data transmission, the QoS is still required to be met.  If a bearer’s QoS cannot be met in RRC_INACTIVE, it should not be configured to transmit in RRC_INACTIVE on this bearer.

Performance
Companies may propose adding in this section their performance evaluations and/or challenge the materials provided by other companies. This part is lower priority in this email discussion.
Signalling overhead / UE power consumption
In [2], based on a sample trace of data traffic, a comparison is proposed between:
1)	no data transmission in RRC_INACTIVE
2)	data transmission up to 100 bytes in RRC_INACTIVE, with RRC signalling ("option B")
3)	data transmission up to 100 bytes in RRC_INACTIVE, without RRC signalling ("option A")

	

	No data transmission in RRC_INACTIVE
	Data transmission up to 100 bytes in RRC_INACTIVE, with RRC signalling ("option B")
	Data transmission up to 100 bytes in RRC_INACTIVE, without RRC signalling ("option A")

	Number of RRC resume procedure
	RRC resume procedure=1623
	RRC resume procedure =533
Enhanced RRC resume procedure = 10922
	RRC resume procedure= 533

	L2/L3 Signalling overhead(bytes)
	62 * 1623
= 100,626
	62 * 533 + 26 * 10922 
=317,018
	62 * 533 + 4 * 1215
= 37,906

	Duration in RRC_CONNECTED
	46,101
	28,501
	28,501

	Duration of SignallingTransmission (ms)
	State transition to RRC_CONNECTED (1623*15) +
State transition to RRC_INACTIVE ( 1623 *12.5)
= 44,632

(Note 1)
	State transition to RRC_CONNECTED (533*15) 
+
State transition to RRC_INACTIVE (533 *12.5)
+
Partial transition to RRC_CONNECTED (10922*3)
=47,423
(Note2)
	State transition to RRC_CONNECTED (533*15)
+
State transition to RRC_INACTIVE (533 *12.5)
= 14,657





Table 1: Power consumption analysis of three UL transmission options
Note 1: When UE falls back to RRC_INACTIVE based on RRC Reconfiguration procedure after an inactivity timer, the state transition latency is about 12.5 ms like the latency brought by RRC connection resume, RRC resume complete and related RLC ACK(s).
Note 2: For 2), the data transmission duration is excluded, the signaling transmission duration (3ms) only includes the RA procedure and the last RLC ACK transmission.

Question 14: Any comment or additional input on signalling overhead / UE power consumption?

	Company name
	Comments/Suggestions

	QUALCOMM
	The number of solution B Enhanced RRC resume procedure = 10922 needs clarification.
We compare the simulation result with the assumption that total uplink data transmission number of Grant free, solution A and solution B is comparable.
From the grant free, we can find the total amount of uplink transmission times is 1623.
But from solution B, the number of 10922 is much greater than 1623.

	ZTE
	The details should be FFS based on company contributions. It seems different traffic patterns shows different results.

	Ericsson
	We think the signalling overhead, power consumption etc. of solution A and B should be comparable. The same amount of information is needed from the UE to the network (e.g. identity, security checksum, data) and vice versa regardless of the solution to achieve the same level of security, robustness etc. Any overhead gains with option A will be small, and comes at the price of extra complexity, less flexibility for the network to configure and optimize the performance. 



Rapporteur’s comments: There were only a few comments and no consensus.  As the source of the chart, we will try to clarify the numbers in a company contribution.

Conclusion
This very substantial email discussion gave rise to a number of consensus proposals.  Note that the proposals are numbered in accordance with the questions, so the numbers are not continuous.

Proposal 1: Agree to the context description as a baseline, with additional enhancements FFS, and with the RLC information as FFS:
The UE context in RRC_INACTIVE includes the configuration of radio bearers, logical channels and security like in RRC CONNECTED.  The UE maintains the same PDCP entity like in RRC_CONNECTED and maintains PDCP COUNT and SN of PDCP.  The possibility to maintain the RLC entity and SN is FFS.  Additional information can be considered for the context if a need is identified.

Proposal 2: Agree to the message contents as follows:
1) UE -> Network: data+UE ID
2) Network -> UE: UE ID
It is FFS which layer handles the acknowledgement function for the second message.  It is FFS if subsequent transmissions are allowed without a transition to RRC_CONNECTED.  In any case the network should be able to reconfigure the UE into RRC_CONNECTED if necessary.

Proposal 3a-1: Consider to send an LS to RAN1 inquiring as to the supportability of HARQ for contention based transmission.

Proposal 3a-2: The need of ARQ remains FFS.

Proposal 3b: Receiving an application response is handled by whatever mechanism is used for delivering DL data in RRC_INACTIVE.  As a baseline there are no enhancements for this purpose, i.e. the UE would remain in its DRX cycle.  Possible enhancements such as a listening timer after transmission are FFS.

Proposal 4-1: It is FFS if the grant size would be from a fixed list or configured by network command.

Proposal 4-2: Consider to send an LS to RAN1 asking about the supportable grant size for contention based transmission.

Proposal 6: The UE ID should allow the network to locate the UE context.  The actual UE ID format to do this is FFS.

Proposal 7-1: No integrity protection or short MAC-I is included, i.e. the UE identity sending the user plane data is not verified.  This conclusion is subject to confirmation with SA3.

Proposal 7-2: Send an LS to SA3 to explain the scenario and request their guidance.

Proposal 8-1: The UE context is maintained in an anchor gNB.

Proposal 8-2: Include in an LS to SA3 the questions of (1) whether the keys from the anchor gNB can be used for the transmission in the new gNB, and (2) whether a new key can be safely derived based on the context information if not.

Proposal 9: The UE decides whether to use small data transmission based on a threshold taking into account at least the amount of data in the UE’s buffer.  Additional criteria that could be considered (e.g. latency) are FFS.

Proposal 10: Confirm that uplink small data transmission may result in an RRC message coming in response in the downlink, e.g. to command the UE to RRC_CONNECTED.

Proposal 14: Multiple DRBs can be maintained in RRC_INACTIVE, and data transmission takes place on the DRB associated to the concerned service.  It is FFS which bearers are maintained (e.g. some bearers could be treated as suspended).

Proposal 14b: If bearers with configured QoS are allowed to be used for UL small data transmission, the QoS is still required to be met.  If a bearer’s QoS cannot be met in RRC_INACTIVE, it should not be configured to transmit in RRC_INACTIVE on this bearer.

References
[bookmark: _Ref468366289]R2-167211	How to progress the study for UL data transmission in NR new state, Huawei
[bookmark: _Ref468366554]R2-168544	UL data transmission in RRC_INACTIVE	Huawei, HiSilicon
[bookmark: _Ref468366561]R2-168280	UL data transmission in RRC_INACTIVE	LG Electronics Inc.
[bookmark: _Ref468366564]R2-168469	UL data transmission in INACTIVE state	InterDigital Communications
[bookmark: _Ref468366565]R2-167954	UL small data transmission in inactive state	CATT
[bookmark: _Ref468366566]R2-168051	Overall procedure for data transfer in inactive state	Samsung Electronics Co., Ltd
[bookmark: _Ref468366567]R2-168052	UE energy consumption analysis for data transfer in inactive state	Samsung Electronics Co., Ltd
[bookmark: _Ref468366571]R2-167479	Discussion on Data Transmission in “Inactive” State	Guangdong OPPO Mobile Telecom
[bookmark: _Ref468366573]R2-167706	Data Transmission in INACTIVE	Nokia, Alcatel-Lucent Shanghai Bell
[bookmark: _Ref468366574]R2-168412	State Transition between RRC_INACTIVE and RRC_ACTIVE	LG Electronics Inc.
[bookmark: _Ref468366575]R2-168522	Data transmission from NR_RRC INACTIVE	Intel Corporation
[bookmark: _Ref468366577]R2-168595	Transmission of Data Grant-Free in Inactive State	Sierra Wireless, S.A.
[bookmark: _Ref468366578]R2-168814	Procedure for Data transmission	MediaTek Inc.
[bookmark: _Ref468366581]R2-168831	The RRC Inactive State	MediaTek Inc.
[bookmark: _Ref468806764]R2-168752	Consideration on UL Data Transmission in New UE State	CMCC
R2-168052	UE energy consumption analysis for data transfer in inactive state	Samsung Electronics Co., Ltd




Annex A: Draft LS to RAN1
3GPP TSG-RAN WG2 Ad Hoc on NR	             R2-17xxxxx
Spokane, Washington, USA, 17-19 January 2017

Title:	[draft] LS on HARQ for contention based uplink
Response to:	-
Release:	Rel-14
Work Item:	FS_NR_newRAT

Source:	Huawei [for RAN2]
To:	RAN1
Cc:	

Contact Person:	
Name:	Nathan TENNY
Tel. Number:	
E-mail Address:	nathan.tenny@huawei.com



1. Overall Description:
3GPP RAN2 have discussed the use of contention based uplink transmission in the new RRC_INACTIVE state.  In considering the question of reliable transmission, RAN2 have attempted to consider the possibility of using HARQ, ARQ, or both; however, RAN2 are not aware if RAN1 consider that HARQ can be supported for contention based uplink data transmission.

In particular, if HARQ is supported for a contention based transmission, the question arises of how to distinguish the responses for different UEs that transmit on the same resources.  In case HARQ support for contention based uplink is anticipated, RAN2 wonder how this aspect would work.

2. Actions:
To RAN1:
1. RAN2 respectfully ask RAN1 to indicate if HARQ support is expected for contention based uplink transmission.
2. If it is anticipated to support HARQ for contention based uplink transmissions, RAN2 respectfully ask RAN1 how HARQ responses can be distinguished for UEs with colliding transmissions.

3. Date of Next RAN2 Meetings:
TSG-RAN2 Meeting #97		13-17 February 2017	Athens, Greece
TSG-RAN2 Meeting #97bis	3-7 April 2017	Spokane, Washington, USA



Annex B: Draft LS to SA3
3GPP TSG-RAN WG2 Ad Hoc on NR                               R2-17xxxxx
Spokane, Washington, USA, 17-19 January 2017

Title:	[draft] LS on Security aspects for uplink data transmission by inactive UEs
Response to:	-
Release:	Rel-14
Work Item:	FS_NR_newRAT

Source:	Huawei [for RAN2]
To:	SA3
Cc:	

Contact Person:	
Name:	Nathan TENNY
Tel. Number:	
E-mail Address:	nathan.tenny@huawei.com



1. Overall Description:
3GPP RAN2 have considered possible approaches to allow uplink data transmission by UEs in an inactive state.  In this inactive state, the network retains the AS context of the UE including the security parameters although no radio resources are in active use between the UE and network.  The context may be maintained in one gNB while the UE transmits data to a different gNB; in this case either the context could be fetched to the current serving gNB for processing to take place there, or the data could be propagated to the gNB that holds the context.
When a data transmission occurs, RAN2 are considering an approach in which:
1. Ciphering is performed according to the existing security parameters (key, PDCP SN, etc.);
2. No integrity information e.g. MAC-I would be provided to ensure that the data are originated from the purported UE.

It is still under discussion whether data transmission would be reliable in this scenario, thus lost packets may need to be considered.  RAN2 are investigating this aspect.
Considering that the context may be established in a different network node than the data are transmitted to, the effect would be that a key established for one gNB would be used for transmission to a different gNB.  RAN2 wish to understand if this is acceptable from a security point of view (presuming, of course, that sequence numbers can be properly maintained to prevent desync or reuse).
Concerning the lack of integrity information, RAN2 wish to understand if SA3 see it necessary to confirm the identification of the UE in this data transmission scenario, or if the general lack of integrity for user plane data can be maintained here as well.  RAN2 would like to note that the considered data transmission scheme does not include any control plane signaling, so the data transaction would occur without any integrity verification during the process.

2. Actions:
To SA3:
1. RAN2 respectfully ask SA3 if from the security point of view it would be acceptable for a key established by one gNB to be used for data exchange with another gNB, where the data may be deciphered at either the original or the current gNB.
2. RAN2 respectfully ask SA3 if it is acceptable not to provide integrity information for user plane data transmitted to the network by an inactive UE, without accompanying control plane signaling.

3. Date of Next RAN2 Meetings:
TSG-RAN2 Meeting #97		13-17 February 2017	Athens, Greece
TSG-RAN2 Meeting #97bis	3-7 April 2017	Spokane, Washington, USA
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