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Introduction
RAN2 has the following agreements at adhoc meeting[1] for solution A:
Agreements related to option A for the purposes of further discussion of the options:
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.  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.
2: Agree to the message contents as follows:
1) UE -> Network: data+UE ID
2) Network -> UE: UE ID (used for identifying the target UE for the response)
FFS whether BSR or other information to be included in message 1 (security information is addressed separately)
FFS whether other information to be included in message 2 (security information is addressed separately)
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.  .
3	The network should be able to send the UE into RRC_CONNECTED in response to UL data transmission if necessary
4	UE ID should be able to uniquely identify the UE context in the RAN.
FFS The need of ARQ.
5	Receiving an application response is handled by whatever mechanism is used for delivering DL data that arrives in RAN while the UE is in RRC_INACTIVE.  Possible enhancements are FFS.
FFS How the UL grant size is determined
6 	The UE context is maintained in an anchor gNB.
7:	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. If amount of data is above  the threshold then UE initiates RRC procedure to move to connected. Additional criteria that could be considered (e.g. latency) are FFS.
8: 	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 such that the UL data cannot be sent on this DRB in INACTIVE.).
9:	If bearers with configured QoS are allowed to be used for UL small data transmission, the QoS is still required to be met. 
In the above FFS, ‘The possibility to maintain the RLC entity and SN’ is addressed in another paper[2]. following 5 FFS are discussed in this contribution, i.e. 
· FFS How the UL grant size is determined
· 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
· FFS whether BSR or other information to be included in message 1 (security information is addressed separately)
· FFS The need of ARQ
And before the discussion of above FFS, we provide our understanding on solution A procedure.
Discussion
Considerations on solution A procedure
As our understanding, the difference between solution A and B is not only RRC signaling related, 2-step and 4-step should also be an important factor, which make the definition of solution A and B more reasonable. In the following we summarize 2 cases that how solution A is achieved.
Case 1: One shot transmission using non-orthogonal MA 
In this case it is assumed that UE’s buffer is emptied by one transmission. As figure-1a shows, UL data is sent in the first message along with UE ID, non-orthogonal multiple access scheme is used. The gNB feedback ACK in PHY layer, e.g. PDCCH-like channel scrambled with index of UE ID received in message1, if successfully received the first message. With this approach the UL transmission and the acknowledge transmission are both achieved with minimum overhead, only PHY layer work is needed.


Figure-1. One short transmission using non-orthogonal MA
Case 2: 2-step RACH 
If this is not one shot transmission e.g. there is BSR in message1, then 2-step RACH is used, the basic procedure is shown in figure-2a. For the subsequent UL transmission, UE might have different behavior after receiving msg2.
From MAC layer point of view (see figure-2b), there’re following 2 cases:
· If gNB can decode the msg1, there're further 2 options:
· Further scheduling based on grant-free transmission, it is feasible but also not necessary due to same reason. 
· Further scheduling based on grant-based transmission. In this case MAC PDU will contain TA value, UL-Grant for further transmission. UE will send msg3 according to UL Grant. A new UE ID maybe allocated for further transmission to align the normal scheduled transmission
From RRC point of view  (see figure-2c):
In this case network may decides to move the UE into RRC_CONNECTED state by sending RRC CON RESUME message to UE. the RRC RESUME COMPLETE message is FFS.
	


Figure-2a. 2-step RACH
	

Figure-2b. One short transmission with NACK feedback
	

Figure-2c. Auto-retransmission with no DL response after a timer expires


Proposal 1: Solution A includes 2 cases: one shot transmission and 2-step RACH.
How the UL grant size is determined
We think the answer to the question is more closely linked to the MAC layer issue instead of RRC layer.  RAN2 has agreed following regarding 2 step RACH procedure:
1 The 2-step RACH resources are optionally configurable by the NW 
FFS whether it can be configured by broadcast and/or by dedicated signalling.
No matter which way of signalling is used, the radio resource will be pre-configured by network. Something should be defined by network e.g. the detail of the resource pool, what is potential MCS, what is possible resource granularity etc. But some flexibility should be left for UE because UE has more knowledge than network e.g. DL path loss, buffer size etc. Eventually UE will decide the grant size based on the preconfigured radio resource configuration and its own knowledge and then choose proper radio resource to send the data or message. Actually if there is only one shot transmission, no RACH procedure will be involved at all for solution A. And in that case the way to decide the grant size for the first message should be the same compared to the case 2 step RACH is involved.
Proposal 2: for solution A, grant size for first message is decided by UE with assistance information from network
Which layer handles the acknowledgement function for the second message
For HARQ level acknowledgement, 2 options could be considered here to deliver the HARQ ACK or NACK: 
Option1:  PHY layer: 
PDCCH like channel could be used, as mentioned in 2.1, there're 2 different cases for ACK and NACK transferring. If msg1 is successfully received, gNB sends ACK in PDCCH like channel scrambled by UE identification.
Option2:  MAC layer: 
MAC CE could be used to deliver acknowledgement in 2nd message. As similar cases above, if msg1 is successfully received, gNB sends ACK in a MAC CE in a MAC PDU, note that in the one-short transmission case the gNB still need at least a PRB to send ACK even if the MAC PDU is empty,which lead to a DL resource waste. Besides that, it’s also redundant to send UE-ID in MAC CE for contention resolution while PDCCH already scrambled with UE-ID. Based above comparison, PHY layer is simpler to handle the acknowledgement function for the second message than MAC layer. 
Proposal 3:  PHY layer is simpler and more efficient to send the acknowledgement in MSG2, the details leave for RAN1’s discussion.
If subsequent transmissions are allowed without a transition to RRC_CONNECTED
For solution B, RAN2 has agreement:
	5	DL transmissions/responses and subsequent UL transmissions after message 3 should be supported without the UE having to move to RRC_CONNECTED


Here we discuss the necessity and feasibility for solution A. There’re several cases of subsequent UL/DL transmission:
· Case 1: UL transmissions after msg2 or even later message, i.e. UL buffer is not empted by msg1, and UE need monitor feedback signalling e.g. HARQ ACK;
· Case 2: ARQ feedback of UL/DL data
· Case 3: DL data include RLC status report or TCP/application level response
For UL subsequent transmission, if there is no UL grant based scheduling, i.e. gNB has no knowledge of the pending UL data volume, UE has to initiate additional RACH/MA accesses.
For DL subsequent transmission, if we only rely on paging occasion to notify UE of DL transmission, the delay will be too long.
Thus the strait forward optimization is to let UE monitor PDCCH-like channel for a period of time after each message. During this time period, when there is DL or UL transmission, a UE specific RNTI, e.g. UE resume ID, is used for the UL grant or DL assignment. Then in all above cases, the DL and UL transmission can be achieved based on network scheduling and optimized in UE power consumption and transmission latency. Comparing with transition to RRC-CONNECTED, although the Uplink channel estimation in RRC-INACTIVE may not be as good as RRC-CONN, grant based UL/DL transmission still can somewhat improve the spectrum efficiency.
Observation 1: grant based scheme can improve the performance of subsequent UL/DL transmission in RRC-INACTIVE.
From the network perspective, the buffer data size is the main condition to decide whether to transit the UE status. A simplest way is leave UE in RRC-INACTIVE if one shot transmission can deal with the UL data, otherwise transit UE to RRC-CONN. But we should notice there’s still a middle case, for example when the buffer data size exceeds the size of one-shot transmission with a small extent, i.e. it only needs limited times of transmissions to empty the buffer without transition to RRC-CONN, in this case leave UE in RRC-INACTIVE might have better efficiency and less UE power consumption comparing with transition to RRC-CONN. 
Observation 2: Leave UE in RRC-INACTIVE might have better performance on efficiency and UE power consumption comparing with RRC-CONNECTED in the case buffer data only needs limited times of transmissions to be empted.
It’s up to network implementation to find good tradeoff to decide whether/when to transit UE to RRC-CONN, and a UL data volume information from UE might be a useful assistance for the network.
Proposal 4: Subsequent DL/UL transmission in RRC-INACTIVE is needed.
Proposal 5: It’s up to network to decide whether to trigger the UE state transition, data volume information is needed to assist the network’s decision.
When UE stay in RRC INACTIVE and achieve grant based subsequent UL/DL transmissions, UE might need to keep monitoring PDCCH-like channel during the whole transmission procedure. Here raise a problem that how long UE will monitor the PDCCH, on the other hand, how to let UE know the monitoring could stop? 
The duration for UE to monitor PDCCH should be decided by network. By the UL/DL buffer data size information and UL/DL scheduling algorithm, the network can decide whether to keep UE monitoring PDCCH or fall back to normal RRC_INACTIVE state. The time duration for UE to monitor PDCCH could be window/timer based after the initial UL transmission or after a UL/DL transmission.
On the other hand, this time period should not be too long, e.g. not longer than the TAT value to avoid uplink asynchronization. A timer based scheme may be needed to guarantee that UE should fall back to normal behavior in RRC_INACTIVE state. Either a UE specific RNTI could be used for UE monitoring.
Another precondition of this proposed optimization is that UE stays in the same cell. If UE moves to another cell by cell reselection, UE will have to initiate another UL transmission or network initial paging based scheme for pending DL transmission. 
Proposal 6: For UE power saving purpose, it is up to network to decide when to stop UE monitoring PDCCH-like channel.

Whether BSR or other information to be included in message 1
RAN2 has agreement:
	7:	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. If amount of data is above the threshold then UE initiates RRC procedure to move to connected.


Based the conclusion in section 2.4, it’s up to network decision on whether to trigger UE state transition,     thus it’s unnecessary to let UE make this decision. In general policy, NW should be the controller of RRC state, it’s because UE has no knowledge of the cell specific information, e.g. cell load, system efficiency and the complete policy of RRC state transition in NW, if UE decides to move to RRC-CONNECTED state by itself, there’s high possibility that this behavior doesn’t align with NW’s decision, thus will be released to RRC-IDLE or suspended to RRC-INACTIVE by the NW, which cause big waste of signaling overhead and additional latency.
Observation 3: It’s risky that UE’s self decision of transition to RRC-CONNECTED is misalign with NW’s policy, thus may cause UE been released or suspended by NW and cause unnecessary signaling waste and additional latency.
Based this observation, the buffer data size threshold in UE is not needed.
Proposal 7: The buffer threshold to assist the UE decision of RRC state transition is not needed.
To assist the NW make decision of RRC state transition, a simple way is adding data volume information, e.g. BSR, in the first message along with UL data in solution A.
Proposal 8: BSR is proposed to be included in the first message to assist the NW making decision on RRC state transition. 
The need of ARQ
According to 36.300, the ARQ in legacy LTE is described as follows:
The ARQ within the RLC sublayer has the following characteristics:
-	ARQ retransmits RLC PDUs or RLC PDU segments based on RLC status reports;
-	Polling for RLC status report is used when needed by RLC;
-	RLC receiver can also trigger RLC status report after detecting a missing RLC PDU or RLC PDU segment.
In legacy LTE, the ARQ function in RLC layer provides reliability for DRB/SRB which is mapped on AM mode RLC by retransmitting RLC PDU or RLC PDU segment. 
One may argue that we can depend on HARQ function of MAC layer to provide the transmission reliability. But in legacy LTE, both HARQ of MAC layer and ARQ in RLC layer are implemented. The HARQ will not provide 100% reliability, and it may fail after a number of attempts.
For UL data transmission in NR, regardless of whether and how the MAC layer HARQ is implemented, the RLC layer ARQ should also be implemented for the reason as for legacy LTE.
Proposal 9: ARQ is supported for UL data transmission in RRC_INACTIVE state.
In legacy LTE, the ARQ retransmission only occurs when status report is received. The status report is initiated when polling for RLC status report is used or receiver detects a missing RLC PDU or RLC PDU segment.
In UL transmission in RRC-INACTIVE, DL ARQ can be easily delivered along with the DL response, e.g. HARQ level ACK/NACK, DL data, UL grant, after each UL transmission (first or subsequent transmissions), without the need to wait for paging occasion to indicate UE to receive the ARQ, which will cause long latency. 
Proposal 10: ARQ can be quickly delivered along with the DL responses after each UL transmission with low latency, without the need to wait for paging occasion to indicate the ARQ sending.
Conclusion
Observation 1: grant based scheme can improve the performance of subsequent UL/DL transmission in RRC-INACTIVE.
Observation 2: Leave UE in RRC-INACTIVE might have better performance on efficiency and UE power consumption comparing with RRC-CONNECTED in the case buffer data only needs limited times of transmissions to be empted.
Observation 3: It’s risky that UE’s self decision of transition to RRC-CONNECTED is misalign with NW’s policy, thus may cause UE been released or suspended by NW and cause unnecessary signaling waste and additional latency.

Proposal 1: Solution A includes 2 cases: one shot transmission and 2-step RACH.
Proposal 2: for solution A, grant size for first message is decided by UE with assistance information from network
Proposal 3:  PHY layer is simpler and more efficient to send the acknowledgement in MSG2, the details leave for RAN1’s discussion.
Proposal 4: Subsequent DL/UL transmission in RRC-INACTIVE is needed for solution A.
Proposal 5: It’s up to network to decide whether to trigger the UE state transition, data volume information is needed to assist the network’s decision.
Proposal 6: For UE power saving purpose, it is up to network to decide when to stop UE monitoring PDCCH-like channel.
Proposal 7: The buffer threshold to assist the UE decision of RRC state transition is not needed.
Proposal 8: BSR is proposed to be included in the first message to assist the NW making decision on RRC state transition. 
Proposal 9: ARQ is supported for UL data transmission in RRC_INACTIVE state.
Proposal 10: ARQ can be quickly delivered along with the DL responses after each UL transmission with low latency, without the need to wait for paging occasion to indicate the ARQ sending.
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