3GPP TSG RAN WG2 Meeting #107  



            
R2-1910386
Prague, the Czech Republic, 26th to 30th August, 2019


              
Agenda item:

12.1.2
Source:


Intel Corporation

Title:

Report on [106#65][R16 NB-IoT/eMTC]  CP MT-EDT
Document for:
 
Discussion and decision
1 Introduction

In RAN2#105bis meeting and RAN2#106 meeting, following agreements were made.

Agreements

- DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).
- DL data scheduled in paging occasion is excluded (Opt D).

- DL data transmitted in Msg4 option B is excluded (Msg4-B).
- For both UP and CP solutions, an MT-EDT indication is needed in the S1 paging message to eNB. It is up to RAN3 to decide how such indication is provided to the eNB.
- RAN2 assumes that MME initiates MT-EDT.

- It is up to eNB to use MT-EDT based on e.g., UE capability.

- RAN2 assumes that DL data information is needed from S-GW/SCEF to the MME to assist MME to initiate MT-EDT.
- For the UP solution, the DL data are ciphered and sent over DTCH.

- For both UP and CP solutions eNB sends MT EDT indication to the UE via paging
For Msg-2 based solution (if agreed)
- A CF RACH resource is provided in the paging message to page the UE for MT-EDT. FFS whether/how security related concerns are addressed and how number of repetitions required and RNTI are provided.

- No need to cipher the dedicated RACH resource provided in the paging message.

- RAN2 intends to introduce a mechanism to acknowledge that Msg2 was received by the intended UE.

- At least one dedicated RACH resource is provided in the paging message for MT-EDT. FFS what other parameters, e.g., CE level, subcarrier index, are needed to be provided.

- FFS: whether RNTI is provided in the paging message.

For Msg-4 based solution (if agreed)
- For UP solution, RRCConnectionResume is used in Msg4 in case UL transmission is expected in response.

- Working assumption: UE should be able to indicate in Msg3 if it intends to send data in the UL.
RAN2 has selected the two solutions for MT EDT for further discussion.
Solution A: Msg2-based solution and 
Solution B: Msg4-based solution. 
To identify the issues of each solution A and B, the following email discussed is initiated. Note that possible solution for each identified issue can also be provided.
[106#65][R16 NB-IoT/eMTC]  CP MT-EDT (Intel) 


- identify the issues in Msg2 and Msg4 based solutions


- primary scope is to identify issues, but solutions can also be discussed.


- primary scope is to differentiate Msg2 vs. Msg4 based solution based on identified issues.


- discussion on which solution(s) to specify in Rel-16


Intended outcome: Report to the next meeting


Deadline:  Thursday 2019-08-08
2 Background
2.1 MT EDT for CP solution

It is already agreed that “MT EDT” indication is provided in paging message if MME/eNB decides to initiate MT EDT to send a DL data. When a control plane data arrives in SCEF or S-GW, this data can be made available to MME for possible transmission. It is to note that the control plane data can arrive either via SCEF or S-GW. At this point, MME can decide whether this data can be transmitted using MT EDT based on DL data size. The availability of release assistance indication (e.g., RAI) for the MME can also be helpful. If the control plane data arrives via SCEF, the RAI indication for the CP DL data could be possible. However, SA2 input is required whether or not RAI is possible if the CP DL data arrives via S-GW.
A general comparison of two solutions A and B (Figure 1 for solution A: Msg2-based solution and Figure 2 for solution B: Msg4-based solution) is shown in Figure 1 and 2. Rapporteur understands the figures are only for the purpose of helping identify the issue related to two solution A and B.
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Figure 1 Solution A: MT EDT for DL control plane data assuming S-GW can forward the CP data to MME, otherwise, additional steps of bearer modification between MME and S-GW after step 4 would be required as shown in Figure 2.
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Figure 2 Signaling between MME and S-GW to transfer DL data
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Figure 3 Solution B: MT EDT for DL control plane data assuming S-GW can forward the CP data to MME, otherwise, additional steps of bearer modification between MME and S-GW after step 6 would be required for MME to receive the CP DL data as shown in Figure 2.
3 Issues and possible solution

3.1 MT EDT initiation

Issues in S-GW/P-GW
When a DL data arrives at SCEF, it can forward to MME as it is a control plane data. SCEF performs DL data buffering only when UE is not reachable (e.g., in PSM sleep). However, when a data arrives in S-GW, S11-U tunnel (see TS  23.401, 5.10.2) needs to be established, therefore, S-GW has to perform the DL data buffering. 
In case, S11-U in Control Plane CIoT EPS Optimisation is not established (i.e., if buffering is in the S-GW), the S-GW sends DL data notification to MME. When MME receives a service request from a UE or MME locates the UE, it requests S-GW to activate EPS bearer to receive the DL data from the S-GW. Again, when UE is released, MME has to de-activate the EPS bearer with S-GW as shown in Figure 2. The procedure of EPS bearer establishment (i.e., establishing S11-U tunnel) between MME and S-GW just for the purpose of single small MT EDT data transmission may be unnecessary and resource inefficient.
For solution B, legacy signalling procedure can be used as much as possible, therefore, the EPS bearer activation and deactivation procedure can be reused.

For solution A, there is no NAS service request from UE. Therefore, question is whether to optimize the signalling between MME and S-GW. If it is optimized, as shown in Figure 1, the S-GW has to determine the DL data is suitable for MT EDT and forward it directly to MME. If S11-U is not established between MME and S-GW, control plane signalling S11 can be optimized to encapsulate the small DL data and sent to MME. Otherwise, S-GW needs to make decision to provide DL data size information to MME so that MME/eNB can make decision whether to initiate MT EDT as described in SA2 reply LS in R2-1908664. However, the detail is not in the scope of RAN2 discussion.

Q#1. Companies’ view on open issues (network impact) regarding MT EDT in S-GW/P-GW. Please indicate if issue is not in RAN2 scope and/or the issue is not common for both solutions A and B.
	Company
	Issues 
	Comments (solutions can be discussed)

	Intel
	1. Can small CP data be sent in S11 signalling from S-GW to MME (without establishing S11-U)?

2. How does S-GW decide to provide DL data size information to MME in S11 signaling
	We think these issues are common for both Solution A and B. 

1. The feasibility to piggyback small CP data in S11 signaling has to be studied in SA2.

2. It is not in the scope of RAN2. Possible solutions are 

Option 1: Based on arrival of whether single or multiple the DL data packets.

Option 2: S-GW always provides DL data size information together with DL data arrival notification to MME

Option 3: Based on S-GW configuration of maximum payload size that can be used for MT EDT

Option 4: Based on UE capability indication

Option 5: Based on UE’s traffic pattern



	Huawei, HiSilicon
	No open issue from RAN2 point of view.
	From RAN2 point of view, the only requirement is the data size information. SA2 has confirmed the feasibility to provide such information if MT-EDT is initiated by the MME.

	Ericsson
	These issues are not in RAN2 scope
	Intel issue 1. Agree that feasibility should be confirmed by SA2 and/or CT4
Intel issue 2. Not in RAN2 scope

	Qualcomm
	Agree with Huawei
	Agree with Huawei

	vivo
	
	These issues are not within the scope of RAN2.

	LG
	The issues is not in RAN2 scope.
	The issue is common for both solution A and B.

	ZTE
	Agree with Huawei
	Agree with Huawei

	Lenovo
	No issues related to RAN2.
	Agree with HW.


Issues in MME

If a DL data is made available at MME, it knows the DL data size and also it knows there is just a single DL packet or multiple DL packet. For a control plane DL data, it may also be possible that MME receives additional information such as RAI, i.e., further UL data in response to the DL data is expected or not. Therefore, following points may need to be considered for MME to make decision on whether to initiate MT EDT.

1. RAI i.e., Single or multiple DL data packets arrival
2. RAI i.e., following UL data expected 

3. DL data size

4. MT EDT capability

MME may not initiate MT EDT if there are more than one DL data packets or more than one DL data packet is expected.
RAN3 has sent LS reply in R3-193156 with following action to RAN2

RAN3 assumes that in any case the eNB needs to be able to fallback to non-EDT operation (e.g. at least depending on propagation conditions), and also that frequent occurrence of such fallback would not be desirable. Therefore, RAN3 would appreciate feedback from RAN2 on whether RAN2 would see benefit in MME providing the data size in the S1 paging message.

However, SA2 has also discussed this issue and decided that it is feasible to include DL data size information in S1 paging message in SA2 reply LS R2-1908664. However, SA2 understands that if the DL data size is provided in the S1 paging message, it is not necessary to also include the MT-EDT indication.
Q#2. Companies’ view on any open issues (CN impact) regarding MT EDT in MME. Please indicate in comments if the issue is not in RAN2 scope and/or the issue is not common for both solutions A and B.
	Company
	Issues 
	Comments (Solutions can be discussed)

	Intel
	1. What parameters are considered by MME to initiate MT EDT

2. Is “MT EDT” indication in S1 AP paging needed given that DL data size information is included?
	We think these issues are common for both solution A and B and can also be discussed in SA2.

1. Based on RAI i.e., Single or multiple DL data packets arrival, if such information is available and TBS size limit for MT EDT for the given UE.

2. “MT EDT” indication is not needed in S1 AP paging given that DL data size information is included

	Huawei, HiSilicon
	No open issue from RAN2 point of view.
	It is up to SA2 to discuss the condition to initiate MT-EDT procedure.

According to the reply LS from SA2, at least the traffic pattern can be considered.
“SA2 discussed how the MME can decide to initiate the MT-EDT procedure. MME may consider the traffic pattern that is received as part of the subscription information.
Another thing that needs to be clarified is the DL data size information. In our view, the MME does NOT need to know the size, i.e. the decision is not made in the MME based on the data size or UE category. It only provides the size information to the eNB in S1 paging message if MT-EDT procedure is initiated. The eNB can make further decision (sending normal paging or MT-EDT paging) based on the size information.
To avoid unnecessary procedure in the NW, it is useful for the MME to know the UE MT EDT capability (NAS capability).

	Ericsson
	No open issues from RAN2 point of view
	If MME sends data size only when it considers MT EDT may be possible, then no additional indicator is needed. 

However, if data size would be sent in some other cases as well, then additional indicator needs to be considered. 

	Qualcomm
	Agree with Huawei and Ericsson
	RAN2 has agreed that “- RAN2 assumes that MME initiates MT-EDT.” It is up to SA2 to discuss the condition to initiate MT-EDT procedure.

	vivo
	
	These issues are not within the scope of RAN2.

Regarding the reply LS from RAN3 and SA2, we consider that the DL data size information could be beneficial for the eNB to decide if the UE needs to be transited to RRC CONNECTED or send the paging message with MT-EDT indication.

	LG
	The issue is not in RAN2 scope.
	The issue is common for both solution A and B.

	ZTE
	Agree with Huawei and Ericsson
	In current specification, RAI is from UE to MME, how the MME can have such information when it trigger paging? Here we agree with Huawei that RAN2 can take SA2 explanation as reference, e.g., MME may consider the traffic pattern for indicating MT-EDT. But anyway, this is SA2 decision.

About whether “MT EDT” indication is needed or not, we can agree with Ericsson.

	Lenovo
	No issues in RAN2 scope.
	It is the issue on MME, but from the view of RAN2, we can see the above four point are benefit for MME to make decision.


3.2 Paging Overhead
Solution A (Msg2-based solution)

However, for solution A (Msg2-based solution), eNB has to provide contention free PRACH resource, the preamble repetition number and RNTI to monitor to receive the Msg2 [6]. This could add 28 (12 + 16) bits of overhead in the broadcast legacy paging which could be significant considering repetitions. Some mechanisms to reduce the paging overhead are described in [1].

Q#3. Should the paging overhead due to contention free PRACH resource be reduced in Solution A [1]? If company do not agree with the suggested issue to be addressed, please indicate “No”.
	Company
	Yes/No
	Comments (Solution can be discussed)

	Intel
	Yes
	We think this option has to be considered. For eMTC, the PRACH MASK index can be predefined. For eMTC/NB-IoT, contention free preamble can be derived based on UE ID used for calculating PO/PF.

	Huawei
	Yes
	We think the CFRA RACH resource (including all parameters indicated in the current PDCCH order) needs to be indicated in the paging message. 

We can consider simple optimizations to reduce the size of the signalling.

	Ericsson
	
	We think we first need to discuss how the signalling would look like before starting to discuss optimizations and whether the gains (with any optimization) are worth the possible increase in complexity. 

	Qualcomm
	Question is unclear
	Agree with Huawei’s comment

	vivo
	
	If the CF PRACH resource (including the CE level) and the RNTI need to be provided in the paging message, the number of UEs which could be paged will be reduced due to the limited size of the paging message. 

We should not introduce too much complexity on the optimization to reduce signalling overhead.

	LG
	Yes
	

	ZTE


	Yes
	For solution A, we also think it’s better to optimize the paging overhead caused by new-added CFRA resource and UE-specific RNTI information.

With reference to the information in PDCCH order for eMTC or NB-IoT, the potential compression for the information in paging can be as follows:

For eMTC:

- Preamble Index – 6 bits, this can be compressed to less bits with meaning of offset to preamble index

- PRACH Mask Index – 4 bits, we agree with Intel this can be predefined.

- Starting CE level – 2 bits, this is still needed

For NB-IoT:

- Carrier indication of NPRACH – 4 bits, this can be compressed to less bits with meaning of offset within a CFRA carrier index pool
- allocated subcarrier for NPRACH – 6 bits, this can be compressed to less bits with meaning of offset to subcarrier within CFRA subcarrier index pool
- a repetition number – 2 bits, this is still needed
However, we think it’s not so suitable to derive contention free preamble (preamble index for eMTC or carrier indication/subcarrier for NB-IoT) based on UE ID. The main issue is that different UEs which are paged at the same time may derive the same contention free preambles, and also it’s possible for the UE to derive the same contention free preamble as that has been allocated for other UE with other contention free PRACH procedure if only one contention free preamble resource pool exist. All these cases would cause more contention. Therefore, we think it would be better to explicitly indicate some kind of “offset” to the CFRA resources by paging message by eNB.

	Lenovo
	Yes
	Agree with Huawei.


Q#4. Should the paging overhead due to the need to provide RNTI be reduced in Solution A [1], [6]? If company do not agree with the suggested issue to be addressed, please indicate “No”.
	Company
	Yes/No 
	Comments (solution can be discussed)

	Intel
	Yes
	Possible solutions

Option 1: Broadcasting cell specific RNTI for MT-EDT in each cell.

Option 2: Define hard coded value of RNTI for MT-EDT (similar to P-RNTI) 

Option 3: UE and MME negotiates a 16 bit NAS security token to be used as EDT RNTI by UE and eNB. 

Option 4: Indicate 2 or 3 bit offset to P-RNTI in paging message. 

Option 5: No, indicate full 16 bit RNTI in paging.

Option 6: Use RA-RNTI

We think RA-RNTI in Option 6 should be used only during RAR window. However, for MT EDT Solution A, Msg2 retransmission mechanism may be needed and also UL feedback transmission in Msg3 may be needed. Therefore, it is cleaner to use a new RNTI for MT EDT.

We think it is not necessary to provide the full 16 bit RNTI value in paging message as in option 5.  

Broadcasting predefined RNTI for MT EDT (option 1) is not preferred as it adds overhead in the system information instead. The option 2 is not preferred as multiple EDT RNTI may need to be hard coded and a mechanism is needed which UE uses which EDT RNTI when multiple UEs need to be paged for MT EDT.

In option 3, UE and MME can negotiate a 16 bit NAS security token to be used as EDT RNTI by UE and eNB. However, every paged cell has to use same RNTI value limiting the network flexibility in assigning RNTI.

We prefer option 4 as minimum overhead of 2 or 3 bit offset to P-RNTI can be indicated in paging message. 

	Huawei
	Yes
	We think a RNTI needs to be indicated in the paging message. We can consider simple optimizations to reduce the size of the signalling.

A simple option is to introduce a pool of reserved RNTI and signal the index (or offset to one of them).

	Ericsson
	
	We should be careful with overhead, but again, we should first decide message contents first before discussing optimizations. 

	Qualcomm
	No
	We think a RNTI needs to be indicated in the paging message. However, we do not think optimizations to reduce the size of the RNTI signalling are necessary.

	vivo
	
	Same view as Q#3.

	LG
	
	First, RAN2 should decide which RNTI is used.

	ZTE
	
	Such RNTI would be used for later DL and UL transmission scheduling, therefore, we think a UE-specific (not cell specific) RNTI is needed in paging message and we cannot understand why option 1 or option 2 are possible solutions.

We agree with Intel’s opinion on option 5 and option 6. We also think option 4 may be more feasible and can be further studied.

	Lenovo
	Yes
	Option.7: We think the UE-RNTI could be computed based on UE-ID, the 16 bits UE-RNTI bit will be not included in paging message, the benefit is to reduce the paging size.


Q#5. Should the paging overhead due to the need to provide number of repetitions be reduced in Solution A [1]? If company do not agree with the suggested issue to be addressed, please indicate “No”.
	Company
	Yes/No
	Comments (solution can be discussed)

	Intel
	Yes
	We think only the CE level needs to be indicated in paging as eNB may not be always using worst coverage level for paging transmission. For the indicated CE level, same parameters as that of legacy PRACH resource can be used for the transmission of preamble.

	Huawei, HiSilicon
	Yes
	See our reply to Q#3. We think number of repetitions is part of PRACH resource.

	Ericsson
	
	See our reply to Q#3, Q#4.

	Qualcomm
	-
	Agree with Huawei

	vivo
	
	Same view as Q#3.

	ZTE
	
	According to our comments to Q#3, we think some kind of “offset” to the CFRA resources and also CE level/repetition number would be needed.

	Lenovo
	Yes
	CE level could be used to reduce the bits caused by repetition number.


Q#6. Multiple CFRA resources for multiple CE levels can be provided in paging in Solution A, see [2]. Is it sufficient to provide single CFRA resource in paging? If company do not agree with the suggested issue to be addressed, please indicate so in the comments
	Company
	Yes/No
	Comments (solution can be discussed)

	Intel
	Yes
	We understand it is beneficial to provide CF preamble for each CE level so that eNB can estimate more accurately in which CE level UE is in.

However, we think this is unnecessary and more resource consuming to reserve multiple contention free preambles for a single UE for MT EDT.

	Huawei, HiSilicon
	No
	We understand the intention to provide multiple CFRA resources for different CE levels for the UE to use the accurate CE level.

But we should not provide full CFRA resources for each CE level in paging message from signalling overhead perspective. Signalling optimizations can be considered for this case.  

	Ericsson
	
	No strong view, but it could be beneficial to be able to indicate multiple preambles as pointed out by HW.

	Qualcomm
	-
	Single CFRA resource should be provided. Including multiple of them in paging message adds overhead.

	vivo
	
	From the perspective of RAN2, providing only one CF preamble in the paging message helps to reduce the overhead. We should ask RAN1 to evaluate whether the performance degradation is acceptable.

	LG
	No issue
	It is sufficient to provide single CFRA resource.

	ZTE
	Maybe
	We agree that providing multiple CFRA resource would allow the UE to choose the resource that more accurately match its current radio conditions. This would be not only good to eNB’s estimation on UE but also good to UE power saving. Moreover, if such optimization would be introduced, we might make use of such multiple CFRA resources information for identifying other thing, such as different Msg3.
However, we also agree this is not so important optimization, especially considering that disadvantage of reserving multiple resources. 

	Lenovo
	
	For different CE level, the repetition number is different based on coverage level. So, 2 CFRA resource may be needed, otherwise, eNB will usually give the CFRA resource with the worst CE level, it is not good for UE power saving.

Or, UE needs to reports its CE level information in IDLE mode.


Q#7. Companies’ view on other issue regarding paging in Solution A (Msg2-based solution)? 

	Company
	Issues 
	Solution can be discussed

	Ericsson
	In general, we think decision should be made on what information should be included in the paging message?
	

	
	
	


Solution B (Msg4-based solution)

For solution B (Msg4-based solution), just 1 bit MT EDT indication would also work as legacy EDT preamble can be used. It is possible that, even for solution B, contention free PRACH resource is provided so that UE does not need to use legacy MO EDT preamble. 

Q#8. Companies’ view on issue regarding paging in Solution B (Msg4-based solution)? 

	Company
	Issues 
	Comments (Solution can be discussed)

	Intel
	No issue
	We think network can know the current CE level of UE from Msg1 for solution B (Msg4-based solution). Therefore, only a single bit MT EDT indication is needed in paging for UE to decide to use EDT preamble and in our view this is not a concern for paging overhead.

	Huawei, HiSilicon
	No issue
	Only 1 bit MT-EDT indication is needed.

	Ericsson
	There should be no issues in Msg4-based solution and paging. 
	

	Qualcomm
	No issue
	1 bit MT-EDT indication is needed in paging.

	vivo
	No specific issues are observed.
	An explicit indication of 1 bit is needed to indicate if the paging is for triggering MT-EDT. 

	LG
	No issue
	

	ZTE
	
	We agree only 1 bit MT EDT indication would be needed in paging message for msg4-based solution. 

However, we don’t think contention free PRACH resource can be considered for solution B as the legacy contention resolution step would be reused.

	Lenovo
	No issue.
	1bit MT-EDT indication is needed.


3.3 Response to paging message for MT EDT (preamble transmission)
Solution A (Msg2-based solution)
For Solution A (Msg2-based solution), it is agreed that contention free PRACH resource is used to respond to the paging message for MT EDT. Therefore, UE uses the preamble indicated by paging which in turn is used by the network to locate the UE for MT EDT. However, it needs to be clarified which RACH parameters and PRACH resource are used for this contention free preamble as only CE level or number of repetitions may be provided in paging message. The preamble can be signalled in paging message similar way as in PDCCH order, see [6].
Q#9. For solution A, UE can transmit preamble using the same legacy non-EDT PRACH configuration (i.e., RACH-ConfigCommon and PRACH-ParametersCE-r13) corresponding to the CE level or number of repetitions indicated in paging message. Do companies see issue on which PRACH configuration to use? 

	Company
	Yes/No
	Comments (solution can be discussed)

	Intel
	No
	We think the procedure needs to be same as PDCCH order procedure. The same legacy non-EDT configuration should be used for Msg1 and Msg2 for the indicated CE level or number of repetitions except for those parameters explicitly or implicitly indicated by paging message or DCI itself.
Therefore, RACH configuration for MT EDT is not issue.

	Huawei, HiSilicon
	No
	We do not see need to add restriction to only use non-EDT PRACH. Any dedicated PRACH resource can be indicated for MT-EDT.  
At least in NB-IoT, dedicated preamble can be reserved in any type of NPRACH resource, i.e. for EDT, Fmt2, etc.

	Ericsson
	No
	

	Qualcomm
	Unclear what Yes/No means
	Agree with Huawei’s comment

	vivo
	No 
	No specific issues are observed.

	LG
	No
	Any dedicated PRACH resource can be used for MT EDT.

	ZTE
	No
	We think only CE level or number of repetitions provided by paging message would not be enough. What are needed in paging message can be referred to our comments for Q#3 and Q#4.

We agree how to acquire other RACH/PRACH configuration can be same as that for PDCCH order procedure. And tend to agree with Huawei any dedicated PRACH resource can be indicated for MT-EDT.

	Lenovo
	No
	Any dedicated PRACH resource can be indicated for MT-EDT.


If the indicated CE level or repetition level in paging message is better than the UE’s current CE level or repetition level determined from PRACH RSRP threshold, it is possible that Msg2 reception may fail. On the other hand, if the indicated CE level or repetition level in paging message is worse than the UE’s current CE level or repetition level determined from PRACH RSRP threshold, UE may wastes more power, see [2].
Q#10. For solution A, should UE fallback to legacy preamble if the indicated CE level or repetition level for the contention free preamble in paging message is different than the UE’s current CE level or repetition level based PRACH RSRP threshold ? If company do not agree with the suggested issue to be addressed, please indicate “No”.
Option 1: Yes, see [2]
Option 2: Yes but only when the indicated CE level or repetition level for the contention free preamble in paging message is better than the UE’s current CE level or repetition level
Option 3: No 
Option 4: any other

	Company
	Which option
	Comments (solution can be discussed)

	Intel
	Option 2
	If UE is in CE level 3 but paging indicates CE level 0, then it is better for UE to send legacy non-EDT or EDT preamble for CE level 3.


	Huawei, HiSilicon
	Option 4
	 See our reply to Q#6. Instead of fallback to legacy preamble, we think the UE can adjust the CFRA PRACH resource indicated in the paging message based on its measured RSRP. How needs to be defined.

	Ericsson
	Option 4
	The exact answer would depend on whether we assume there is just one preamble provided or multiple preambles (for different CE levels). We first need to decide this. 

It is up to NW to escalate the paging if the UE does not reply, thus it would be up to the eNB to provide another preamble (for different CE level) or continue with legacy procedures. 

	Qualcomm
	Option 4
	Agree with Huawei

	vivo
	
	We think some inputs from RAN1 might be needed in terms of preamble transmission performance and UE power consumption.

	LG
	Option 3
	 

	ZTE
	Option 3 
	As the CFRA resources has been reserved in eNB, it should be used by the UE. Generally, eNB would try to allocate suitable CFRA resources, e.g., according to assistance information for paging. 
Moreover, according to discussion for Q#6, if it’s possible to provide multiple CFRA resources to the UE, it’s highly possible for the UE to find a most suitable CFRA resource for trigger random access. 

Considering using legacy non-EDT or EDT preamble means using legacy (full) paging response procedure, the issues of contention resolution and signalling overhead still exist. We cannot see obvious advantage of such “fallback”, even for the case that the indicated CE level or repetition level in paging message is better than the UE’s current CE level or repetition level.

	Lenovo
	Option.4
	The key point is eNB is able to receive the preamble before deciding which preamble is used.  The repetition number of the preamble will determine the CE level UE could applied. Thus, we think the multiple preamble could not solve this problem unless the preamble should be related with different repetition number in each RA attempt.


Q#11. For solution A, It is not clear how long the reserved contention free preamble indicated by paging remains valid if Msg2 has not been received successfully by UE (e.g., on all other cells where paging is sent but UE is not present), see [3]. Companies’ view on possible solution. If company do not agree with the suggested issue to be addressed, please indicate so in the comments.
Option 1: until a validity timer expires
Option 2: until maximum limit to transmit contention free preamble reaches 

Option 3: until the next “x” number of contention free preamble transmission opportunities after the reception of paging

Option 4: Valid just for the next contention free preamble transmission opportunity

Option 5: Any other

	Company
	Which option
	Comments (solution can be discussed)

	Intel
	Option 3 with x = 2
	Unlike PDCCH order in RRC connected, such contention free preamble has to be reserved by a number of cells in a tracking area, it should be used immediately. Once UE starts monitoring PDCCH after preamble transmission, we do not see the need of keeping reserved contention free preamble for an extended period of time as paging retransmission can be used for MT EDT.

However, to allow processing time for paging message, at least 2 preamble transmission opportunities can be considered. 

	Huawei, HiSilicon
	Option 4
	For the preamble transmission following the reception of the paging message, the UE should send the preamble as soon as possible so that the NW only needs to reserve the CF preamble for a short time. (Processing delay may need to be defined so that the UE and the eNB are aligned on which is the first preamble opportunity)

We think MT-EDT is not a legacy RA procedure and that preamble retransmission is not supported in MT-EDT.  

	Ericsson
	Option 4 
	Agree with HW. 

	Qualcomm
	Option 4
	Agree with Huawei’s comments

	vivo
	
	Same view as Q#10.

	LG
	Option 2
	To ensure reliability of Preamble delivery, the legacy Preamble retransmission mechanism should be also supported in MT EDT.  

	ZTE
	Option 4
	As we understand, even for PDCCH order, the CFRA resources would be used “immediately”. UE would use this CFRA resources at the random access opportunity just after reception of it. We are not clear why it’s different for MT-EDT and why a special scheme is needed for making CFRA resources invalid.

Simply to say, we think option 4 is the common understanding for UE and eNB in both PDCCH order and MT-EDT.

	Lenovo
	Option4
	Agree with HW.


Q#12. For solution A, is contention free preamble retransmission and power ramping up allowed (Note: Msg2 retransmission is handled in section 3.4)? If company do not agree with the suggested issue to be addressed, please indicate so in the comments.
	Company
	Yes/No
	Comments (solution can be discussed)

	Intel
	No
	No this should be handled as similar to paging transmission. If UE does not receive any response to the preamble transmission (assuming network didn’t receive preamble), network can retransmit the paging message. It can be possible for UE to monitor P-RNTI and a new RNTI for EDT simultaneously.

Or simply, UE can decide to follow legacy procedure to go to RRC connected.

	Huawei, HiSilicon
	No
	See our reply to Q#11. We prefer not to support preamble retransmission and power ramping.

If preamble retransmission is supported, we think power ramping needs to be supported. But this needs to be discussed in RAN1.

	Ericsson
	No
	

	Qualcomm
	No
	Agree with Huawei’s comments and first part of Intel’s comments.

	vivo
	
	Same view as Q#10.

	LG
	Yes for retransmission,
	See our reply to Q#12.

	ZTE
	No
	For the sake of UE power saving, we also think it can be as simple as possible to handle CFRA preamble transmission failure, e.g, no need to perform CE level change and power ramping. But this can be also discuss in RAN1.

Moreover, the CFRA preamble transmission failure would finally cause paging failure which could be handled by paging retransmission. We assume paging retransmission will be with certain large time scale. Therefore, we don't think UE needs to monitor P-RNTI and a new RNTI for EDT simultaneously.

	Lenovo
	No
	


Q#13. Companies’ view on other issue related to sending paging response (i.e., preamble) in Solution A? 

	Company
	Issues 
	Solution can be discussed

	Huawei, HiSilicon
	Issue 1: In order to increase the success probability, the transmission power of the MT-EDT preamble may need to be optimised.
	Issue 1: Power control of preamble transmission is RAN1 issue. Send LS to RAN1 to trigger the discussion.

	Ericsson
	Issue 2: It needs to be confirmed (with RAN3/SA2) if it is possible to establish S1 connection as early as CFRA PRACH preamble is received by the eNB.
	

	
	
	


Solution B (Msg4-based solution)

For solution B (Msg4-based solution), upon receiving MT EDT indication in paging message, UE can start using MO EDT preamble. Since, UE needs to transmit NAS service request in Msg3, it would need UL grant larger than minimum UL grant of 56 bits in RAR, UE cannot use legacy non-EDT preamble. However, one concern of using MO EDT preamble is that larger UL grant is received in RAR as eNB would not know UE is initiating MO EDT or MT EDT. Possible solution to resolve the issue is to define a new TBS size that is smaller than then minimum TBS (328 bits) provided in RAR. Another possible solution is to reserve or indicate preamble dedicated to MT EDT.

Q#14. For solution B, is using legacy MO EDT preamble an issue? Companies’ view for possible solution. If company do not agree with the suggested issue to be addressed, please indicate “No issue”.
Option 1: Define new TBS for EDT and use legacy EDT preamble, see [4]

Option 2: Dedicated or reserved PRACH resource (preamble) for MT EDT, see [1]

Option 3: leave it to UE whether to use non-EDT or EDT preamble, see [1] 

Option 4: Indicating contention free preamble in paging for each CE level, similar to Solution A
Option 5: Others

Option 6: No issue
	Company
	Possible solutions
	Comments

	Intel
	Option 3/Option 1
	In option 2, Just one preamble for each CE level could be reserved for this purpose. These are used only to respond paging for MT EDT and so it may not be resource efficient.
In option 4, Indicating contention free preamble in paging for each CE level is also not resource efficient. 

As in option 3, UE should be allowed to use legacy MO EDT regardless we agree solution A or B. We think option 1 has larger impact to other working group, but we are open to ask RAN1 for the feasibility to define additional smaller TBS for EDT (i.e., EDT TBS smaller than 328 bits).

	Huawei, HiSilicon
	Option 6
	

	Ericsson
	Option 1
	Using legacy MO-EDT TBS is inefficient, thus we think a new TBS value can be defined and only used for MT-EDT. The UE selects legacy EDT preamble but then sends Msg3 using this newly defined TBS value.

	Qualcomm
	Option 5
	Upon receiving MT-EDT included in paging, if there is no UL data - UE uses legacy preamble; and if there is UL data that can be sent as MO-EDT in msg3, UE uses MO-EDT preamble. If there is UL data which cannot fit in MO-EDT msg3, UE sends legacy msg3 without MT-EDT cause value (assuming a new cause value is introduced for MT-EDT).

	vivo
	Option 6
	The UE can use either EDT preamble or non-EDT preamble, as the potential Msg3 size is not expected to be larger than the legacy Msg3.

	LG
	Option 3/Option 1
	Option 1 if NAS service request should be sent in Msg3 depending on AS-NAS interaction.
Otherwise, Option 3.  

	ZTE
	Option 1
	For solution B, legacy RRCConnectionRequest in Msg3 cannot be used because the eNB does not send an Initial UE message to MME upon reception of this legacy message. Similar as MO-EDT, MO-EDT Msg3 can be reused for triggering early S1 setup.

Generally, MO-EDT msg3 need to be triggered by MO-EDT preamble, but as there has no UL data in Msg3 for MT-EDT case, legacy MO-EDT Msg1 may be not mandatory in order to avoid large unnecessary padding in Msg3. We are open to discuss the following options and slightly prefer the second option:

· Indication in paging + legacy Msg1 + MO-EDT Msg3: As RAN2 has agreed for both UP and CP solutions, an MT-EDT indication is needed in the S1 paging message to eNB (final decision would be in RAN3), we understand even UE receives legacy UL grant, it’s still feasible for the UE to send MO-EDT Msg3.

· MO-EDT Msg1 with new TBS + MO-EDT Msg3: a smaller TBS for only used by MT-EDT can be introduced. The eNB don’t need to differentiate the connection type (whether the UE is intending MO-EDT or is responding to MT-EDT) and can always blindly detect all the (at most five) possible TBS, which would not cause much complexity in eNB.

Moreover, we assume the container for NAS PDU in MO-EDT Msg3 can be empty or optional for MT-EDT case. But in RAN3 specification, a NAS PDU is still needed to trigger S1 interface establishment. Therefore, we assume some RAN3 enhancements would be needed. 

As mentioned in the comments for Q#8, we don’t think contention free PRACH resource can be considered for solution B (the above option 2 and option 4) as the legacy contention resolution step would be reused.

	Lenovo
	Option2
	It is simple in logic, and avoid the insufficiency issue of RACH resource for UEs in paging coverage level.


Q#15. Companies’ view on other issue related to sending paging response (i.e., preamble) in Solution B? 

	Company
	Issues 
	Solution can be discussed

	
	
	

	
	
	


3.4 Reception of DL data (Msg2 or Msg4 reception)
As described in section 3.3, for solution A (Msg2-based solution), only initial CE level or repetition level needs to be indicated. UE can use the legacy configuration for Msg1 and Msg2 corresponding to the selected CE level or repetition level.
For Solution B (Msg4-based solution), legacy mechanism of MO EDT can be reused, therefore no issue is identified to receive DL data in Msg4 (e.g., using RRCEarlyDataComplete message).

Q#16. For solution A, do companies see any issue in the configuration for the reception of Msg2 (e.g., MPDCCH or NPDCCH repetitions, Msg2 reception window, and frequency hopping etc.)? 

	Company
	Yes/No
	Comments

	Intel
	No
	Legacy procedure to receive Msg2 in solution A and Msg4 in solution B can be reused. RAR window and frequency hopping configuration of legacy RACH can be reused. DCI provides the dynamic DL assignment for Msg2.

	Huawei, HiSilicon
	No
	We may need to define a timer different from the RAR window since MT-EDT is different from RA procedure.

	Ericsson
	Yes
	We think the existing RAR reception window may not be suitable for reception of Msg2 with data given that eNB needs to establish S1 connection and obtain DL data from core nodes before it can reply the PRACH transmission. The start and/or size of response window for MT-EDT may need to be different. 

	Qualcomm
	No but see comments
	1. UL grant may not be applicable in some cases as it is not needed unless UL message is expected in response.

2. Legacy RAR is a MAC PDU. Msg2 in this case would include RRC message.

	vivo
	Yes
	Agree with Ericsson.

	LG
	No
	   

	ZTE
	Yes
	According to previous discussion, DL data, TA and maybe UL grant would be transmitted along with Msg2. 

We agree with Ericsson it may be needed to consider an extended timer or reception window for UE to receive Msg2.

	Lenovo
	Yes
	UL grant may not be applicable for UE without UL data, the Scheduling request could be configured in Msg.2, SR could be sent with UE PUCCH ACK or NACK for DL data to indicate the UL data arriving, or no SR transmission indicates no UL data. Besides, for NB-IOT, the resource for PUCCH ACK/NACK to DL data needs to be configured.


Q#17. For solution A, another issue is whether the existing RRCEarlyDataComplete message can be used or not to carry the NAS container (i.e., CP DL data) [5]. Companies’ view on which RRC message to use? If company do not agree with the suggested issue to be addressed, please indicate so in the comments.
Option 1: new DL-CCCH RRC message is defined

Option 2: existing DL-CCCH RRC message is reused, e.g., RRCEarlyDataComplete see [5]
Option 3: a DL DCCH message

	Company
	Which option/ which message
	Comments

	Intel
	Option 2/ RRCEarlyDataComplete
	There is no need to introduce new DL-CCCH RRC message. Also, we do not see the need to configure SRB1 to carry DL data in DCCH. Existing RRCEarlyDataComplete can be reused with critical or possible non-critical extension.

	Huawei
	Option 1
	A new DL-CCCH RRC message is needed.  RRCEarlyDataComplete is not preferred since an UL reply message is needed in MT-EDT case.

	Ericsson
	Option1
	Although we did originally propose to use the existing message, we now think that might not be the best solution. 
RRCEarlyDataComplete is used in EDT to end the procedure, whereas in this case an UL reply can be expected. 

	Qualcomm
	Option 2
	Agree with Intel’s comment

	vivo
	Option 2
	No specific issues are observed if we reuse the existing RRC message.

	LG
	Option 1
	In case that the UE transmits UL feedback, a new DL-CCCH / UL-CCCH RRC messages are preferred. 

	ZTE
	N/A or option 1
	Firstly, we don’t think RRC message is so necessary for the basic DL data transmission unless fallback is needed.
If companies agree to introduce RRC message in Msg2 for containing DL data, we suggest to introduce a new DL-CCCH message with consideration that a paired new UL-CCCH message for containing the following UL ACK for the DL data would be needed.

	Lenovo
	Option2
	


Q#18. For solution A, can Msg2 ask UE to fallback to legacy, see SA2 LS reply R2-1908664? If company do not agree with the suggested issue to be addressed, please indicate “No”.
	Company
	Yes/No
	Comments (Solutions can be discussed)

	Intel
	Yes
	Though UE may be monitoring a new RNTI for EDT, it should be straightforward for eNB to send the legacy RAR with Temporary C-RNTI, TA command and UL grant, in case eNB decides to move the UE to RRC connected.

	Huawei
	Yes
	If the NW has established the S1 connection and there are more DL data, the NW can use RRCConnectionSetup message to move the UE to RRC connected.

	Ericsson
	Yes
	Agree with Intel. 

	Qualcomm
	Yes
	Agree with above comments

	vivo
	Yes
	Some enhancements are needed to differentiate a RAR used for fallback and the RAR carrying the DL data.

	LG
	Yes
	

	ZTE
	Yes
	eNB may get indication from MME about more DL data before sending Msg2, then a fallback process may be needed via Msg2.

	Lenovo
	Yes
	Agree with above comments


Q#19. For solution A, is HARQ feedback of Msg2 with CP DL data needed? If company do not agree with the suggested issue to be addressed, please indicate so in the comments.
	Company
	Yes/No
	Comments (Solutions can be discussed)

	Intel
	Yes
	For fast retransmission, we think HARQ NACK feedback of Msg2 is needed as unlike legacy, the Msg2 includes CP DL data (similar to HARQ feedback for Msg4).

UE can restart the Msg2 reception window if HARQ NACK feedback is transmitted in UL. Maximum Msg2 HARQ retransmission limit can be defined (similar to legacy Msg3 HARQ retransmission limit).

	Huawei, HiSilicon
	Yes
	Msg2 transmission is similar to dedicated DL transmission scheduled by DCI. HARQ feedback is naturally inherited.

	Ericsson
	Yes  
	As the intention is that Msg2 includes DL data, HARQ feedback should be used.

	Qualcomm
	Yes
	Agree with above comments. ACK feedback can work or NACK feedback may as be useful. But only one should be defined (FFS).  

	vivo
	Yes
	HARQ ACK/NACK feedback is essential.

	LG
	Yes
	

	ZTE
	Yes
	We agree with Intel HARQ feedback of Msg2 is needed and it can be similar as HARQ feedback for Msg4.

Moreover, as DL data, TA and maybe UL grant need to be sent in Msg2, it’s worth considering to do some splitting in order to decrease failure possibility and retransmission overhead. For example, DL data and TA can be sent firstly and be acknowledged by physical layer ACK. After getting acknowledgement, the eNB can send UL grant for potential UL data. 

	Lenovo
	Yes
	The HARQ ACK/NACK is for the DL data in Msg.2.


It is to note that UE is in IDLE mode and has only SRB0 active when using EDT in control plane solution (e.g., RRCEarlyDataComplete is sent in CCCH). Therefore, RLC acknowledgment may not be needed for MT CP EDT.

Q#20. Companies’ view on other issue to receive DL data in Msg2 in Solution A (Msg2-based solution)? 

	Company
	Issues 
	Solution can be discussed

	Ericsson
	1. Need to discuss how the “new RAR” and DL DCCH are sent – are they on the same TB, or different TBs, do we need a new MAC CE.  That is, how does the full Msg2 transmission look like in detail? 
	

	
	
	


Q#21. Companies’ view on other issue to receive DL data in Msg4 in Solution B (Msg4-based solution)? 

	Company
	Issues 
	Solution can be discussed

	
	
	

	
	
	


3.5 Response to DL data (UL ACK or UL feedback data transmission)
Solution A (Msg2-based solution)

It is possible that UE may have moved to different cell. The UE may be in worse coverage level than the last time it was in RRC connected state and eNB may transmit paging message assuming UE is still in better coverage. Therefore, the intended UE may miss the paging while a fake UE (attacker) may respond to the paging message. Or network may not receive preamble from intended UE correctly while it does from the fake UE.
In solution A (Msg2-based solution), MME sends the DL data before receiving any NAS signalling from the legitimate UE. Since eNB may not be able to guarantee that it received the preamble from and the DL data is sent to the legitimate UE (as any fake UE may send the same preamble), a secured signalling is needed from the UE as an acknowledgment of the Msg2 with DL data. 

In the RAN2#106, following agreement is made for Solution A

- RAN2 intends to introduce a mechanism to acknowledge that Msg2 was received by the intended UE.

For this purpose, eNB can additionally provide TA command and UL grant. The UE can send UL NAS PDU with NAS acknowledgement, see [2], [5]. In case, UE needs to transmit the UL ACK of the received DL data, the UL NAS PDU can contain the application UL ACK data. However, a dedicated UE specific PUCCH configuration can also be used for the acknowledgment provided that such configuration is not shared and exposed with other UEs.

Q#22. Companies’ view on possible issues to send UL NAS PDU as response to the DL data in Msg2 in Solution A (Msg2-based solution)? 

	Company
	Issues 
	Comments (Solution can be discussed)

	Intel
	1. How to provide UL grant and TA in the Msg2 together with DL data.

2. How network determines the size of UL grant.

3. Gap between Msg2 and Msg3 as UE may need time to process DL data.
	Solutions could be

1. Similar to RAR

2. Based on UE’s preference set during attach whether it intends to transmit application UL data as feedback of the DL data.

3. Sufficient gap if the UL grant is intended to transmit application UL data.

	Huawei, HiSilicon
	Agree with the three issues listed by Intel.
	Considering the gap between Msg2 and Msg3 will be large (Issue 3), we think DCI can be used to schedule the UL grant.

For Issue 2, we think the flexible TBS scheme in MO-EDT can be reused.

	Ericsson
	4. Details of the response message, i.e. which RRC message to use etc.

5. Details of the mechanism to acknowledge Msg2 was received by the intended UE
	1. Agree with Intel

2. It is up to eNB. The minimal size can be decided based on what is always included in the UL response, e.g., NAS PDU with MAC-I, UE ID.

5. UL integrity protected RRC message as feedback.

	Qualcomm
	Agree with issues listed by Intel
	Agree with Intel’s comments

	vivo
	Agree with issues 1-4 listed above.
	1. We need a new RAR format for the Msg2 DL data transmission.

	LG
	Agree with issues listed above.

6. AS-NAS interaction
	1 & 3. Agree with Intel’s comment.

2. Agree with Intel and Huawei’s comments.

5. NAS security could be enough in CP solution.

6. New NAS message or NAS procedure change may be required. After Msg3 NAS PDU transmission, legacy UE NAS will expect response from the network. 

	ZTE
	1. Comments for assumption mentioned by rapporteur: It has not yet decided whether a UL NAS PDU is necessary in Msg3 for network to verify target UE or identify fake UE, especially when there has no application UL data to be transmitted. This issue may need to be discussed and confirmed in CT1 and SA3.
2. We agree with Intel that how to provide UL grant together with DL data and how network determines the size of UL grant need to be discussed. As in most cases, before reception of DL data, even UE could not know whether there will have application UL data as response. Therefore, it’s hard for eNB to allocate suitable UL grant for the Msg3. 

3. Comments for issue#3 mentioned by Intel: We don’t think the gap between Msg2 and Msg3 is needed and this can be left to eNB implementation.
	Another possible solution for issue#2: If the UE is requested by the application layer to send UL ACK data shortly after reception of DL data, a possible way is that the UE can send BSR to request further UL grant. Here in order to make it possible for the UE to send the potential BSR, it’s suggested to always allocate a small UL grant to UE along with the first DL PDSCH/PDSCH transmission (Msg2).

	Lenovo
	Agree with issues listed by Intel
	RAR based Msg.2 could be used for DL data TA , and UL grant transmission.
and

Based on UE’s preference set during attach whether it intends to transmit application UL data as feedback of the DL data.
If no UL grant could be configured to UE, SR could be configured, and SR could be sent with PUCCH ACK together to indicate UE UL ACK or UL feedback data requirement.


Solution B (Msg4-based solution)

For solution B (Msg4-based solution), MME already identifies the legitimate UE from NAS service request (i.e., from Msg3) before the CP DL data is sent in Msg4, therefore, NAS acknowledge that DL data was received by the intended UE (e.g., NAS ACK) may not be needed, i.e., existing feedback mechanism (e.g., HARQ ACK or RLC ACK) is sufficient.

However, the solution B (Msg4-based solution) may send UE back to IDLE mode without providing any option to UE to transmit any application UL data as feedback of the DL data (i.e., Msg4 could be the last message).

Q#23. Companies’ view on possible issues to send UL NAS PDU as response to the DL data in Msg4 in Solution B (Msg4-based solution)? 

	Company
	Issues 
	Comments (Solution can be discussed)

	Intel
	1. How network knows UL grant needs to be provided in Msg4 together with DL data

2. Does UE move to connected mode (i.e., RRC connection setup with DL data in Msg4, UL feedback in Msg5 and RRC release in Msg6) or stay in IDLE mode (i.e., RRC early data complete in Ms4 and UL feedback data in Msg5).


	1. It can be based on UE’s preferred behaviour set or an indication in Msg3.

2. UE does not need to move to connected mode. It can transmit Msg5 and go to IDLE mode. The UE waits until PUSCH (Msg5) is transmitted just as what happens in legacy behaviour in RRC_CONNECTED when RLC ACK has to be transmitted after receiving RRCConnectionRelease message.

	Huawei, HiSilicon
	How to provide the UL grant after Msg4.
	Initiating EDT always is not power efficient, better to move to connected mode. 

The preference would be that the UE is able to indicate in MSG3 if it expects to send UL data (working assumption). In that case, the eNB can move the UE to RRC Connected. This can also be decided by the eNB, e.g. based on communication pattern.

In the case, that the UE is released and has data pending, then it is up to the UE to initiate MO EDT or RRC establishment procedure.  

	Ericsson
	
	Intel issue 1.: UE should be able to indicate in Msg3 (e.g. using BSR). 

Intel issue 2.: Msg4 moves UE to RRC_CONNECTED mode for sending UL response in Msg5. FFS on details of Msg4. The UE can return to RRC_IDLE after receiving an HARQ ACK in response to Msg5 without waiting for a release message.

	Qualcomm
	Agree with the issues listed above
	Agree with Huawei’s comments

	vivo
	No specific issues are observed.
	The network can provide uplink grant by PDCCH addressed to C-RNTI after the successful contention resolution.

	LG
	Agree with issues listed above.
	1. If UE or network knows traffic patterns, the UE could request UL grant with Msg3 or the network could provide UL grant in Msg4 without UE’s request.

Referring SA2 Reply LS, “MME may consider the traffic pattern that is received as part of the subscription information.”. Then, the network may be able to expect upcoming UL response after Msg4 transmission.

2. There should be gap between Msg4 and Msg5. So, it is preferred that UE transits to CONNECTED after Msg4. 



	ZTE
	It’s obvious Msg4-based scheme is inefficient to support later UL data transmission as the DL Msg4 is the last message. 

A straightforward way is to fall back to RRC establishment and let UE enters into RRC_CONNECTED state. But the two following issues exist:

· As it may be possible that UE only have one small UL ACK data, the UE would be kept in RRC_CONNECTED for a time period without any further transmission which would cause unnecessary UE power consumption. 

For CP solution the fallback would be more complicated. There has no existing RRC message can be used for not only including DL data but also later triggering Msg5.
	A signaling efficient way is worth of consideration. That is, after the first round of Msg1~Msg4 exchanging and successful contention resolution, the UE will store the assigned UE-specific RNTI and keep in RRC_IDLE state for a while. The UE can send BSR and monitor PDCCH/PDSCH transmission addressed by the UE-specific RNTI in the common search space (CSS) for UL grant. After the UE sends UL data on the UL grant, the UE can release the UE-specific RNTI and completely enter the RRC_IDLE.

Moreover, in order that the network can determine whether to trigger fallback procedure, the network needs information to determine whether there is UL transmission in response to DL data. But maybe in more MT-EDT cases, this information maybe can only be known by UE itself. Therefore, UE-triggered fallback may also be considered.

	Lenovo
	Agree with the issues listed above
	The Scheduling request could also be configured in the MT_EDT procedure, it could be sent with PUCCH ACK together to make eNB know UE UL data requirement.


3.6 Any other issues

Q#24. Companies’ view on any other open issues for Solution A (Msg2-based solution)
	Company
	Issues
	Comments (Solutions can be discussed)

	Huawei, HiSilicon
	Issue 1:  In legacy, Msg3 carries a NAS PDU which includes security parameter e.g. eKSI. How to provide eKSI before DL data?


	Issue 1: Wait for SA3.



	
	
	


Q#25. Companies’ view on any other open issues for Solution B (Msg4-based solution)
	Company
	Issues
	Comments (Solutions can be discussed)

	
	
	

	
	
	


3.7 Solution A vs Solution B

Q#26. After considering the issues for both solutions, companies’ view on which solution (Msg2-based solution or Msg4-based solution) to specify in Rel-16.

	Company
	Which solution
	Comments

	Intel
	Solution A addressing its issues and Solution B re-using MO CP-EDT
	If issues in solution A (Msg2-based solution) such as Paging overhead, CE/repetition level for Msg1/Msg2, TBS size for Msg3 transmission (only NAS ACK or NAS PDU with application data) are addressed, for control plane solution, it is more power efficient to use Solution A.

If solution B (Msg4-based solution) re-uses the Rel-15 MO CP-EDT, then no new solution is being introduced as UE can already support Rel-15 MO CP-EDT. In this case, network may just provide MT EDT indication in paging message (e.g., some cell may have limited CF PRACH resource available at the time of paging).

	Huawei, HiSilicon
	Solution A only
	There is almost no benefit with Msg4-based solution for power saving.
 Thus it is not worth to support.

	Ericsson
	Solution B
	There can be some power saving with solution A vs. B, however, the gain does not seem to be significant and the MT-EDT procedure is not foreseen to be very common. Therefore, given the long list of open issues needed to be discussed and sorted out for Msg2-based solution, and the impact of such solution in other working groups and network nodes, we don’t think it is viable to continue with the Msg2-based solution. 

	Qualcomm
	Solution A addressing its issues or Solution B re-using MO CP-EDT
	We note that there is no gain from msg4-based Rel-16 MT-initiated-EDT solution vs Rel-15 MO-initiated-MT-EDT. However, while msg2-based solution would provide UE power consumption and battery life gain, we also recognize that there are more impacts to other WGs from msg2-based solution than initially anticipated.

We also note that msg4-based solution (if agreed) should be based as much as possible to Rel-15 MO-EDT and minimize the impacts to specifications, because that is the only/major argument supporting msg4-solution.

	vivo
	Solution B.
	We prefer Msg4-based solution only, as it introduces less specification impacts/complexities and supports both CP and UP MT-EDT.

	LG
	Solution B
	We can apply Msg4 based solution while minimizing the impacts to specs.
Although Msg2 based solution can reduce power consumption, the impacts to solve the current open issues seems not low. Considering the issues, the advantage of power saving could be less than expectation; for example, in UP EDT, it is unlikely that NCC is included in Msg2 when Msg2 could be delivered to multiple UEs (fake UEs). So, Msg4 seems to be needed to receive NCC after the target UE is authenticated in Msg3.    

	ZTE
	Similar view as QC
	Similar view as QC

	Lenovo
	Solution A addressing its issues or Solution B re-using MO CP-EDT
	Msg.4 based solution is almost similar to MO-EDT procedure, the impact on specification is less.

But, msg2 based solution could be applied, since it is benefit for stationary UE with small data transmission, the procedure could be ended in 2 or 3 steps in RA procedure for RAN side. 

It is desired only one solution is applied to a dedicated UE.




4 Summary

4.1 MT EDT initiation
1. All companies agree that the issues are not in the scope of RAN2 discussion. Therefore, rapporteur suggests there is no need to handle the issues in RAN2 and leave them to other working groups.

2. All companies agree that the issues are not in the scope of RAN2 discussion. Therefore, rapporteur suggests there is no need to handle the issues in RAN2 and leave them to other working groups.

Discussion Point 4.1.1.
The CN issues regarding MT EDT initiation and providing DL data size information are handled by SA2/RAN3.
4.2 Paging overhead 

For Msg2-based solution

1. Majority companies agree that providing CFRA resource (resource provided for PDCCH order) and number of repetitions increases the size of paging and simple optimization for signalling can be considered.

2. Two companies think full RNTI needs to be included in paging and optimization is not necessary. Two companies think first we need to decide which RNTI or content of paging needs to be decided. But four companies think providing 16 bit RNTI in paging increases the size of paging and simple optimization can be considered.

3. Five companies think that providing multiple CFRA resources for different CE level add additional overhead in paging and is not necessary. Three companies think it is beneficial and simple optimization can be considered.

Discussion Point 4.2.1.
How to reduce the size of paging message when including the CFRA resource, number of repetitions, and RNTI. RAN2 consider to use a simple optimization.
Discussion Point 4.2.2.
Whether multiple CFRA resources for different CE level needs to be provided at least for the case where preamble partition is used to distinguish the CE level (i.e., multiple PRACH resource is not shared among the CE levels).

Msg4-based solution

1. All companies agree that there is no issue on explicitly indicating 1 bit MT EDT indication in paging.
4.3 Response to paging message for MT EDT
Msg2-based solution

4. All companies agree that there is no issue on which PRACH configuration to use and any dedicated PRACH resource can be used for Msg1. However, it can be discussed whether to explicitly indicate to use non-EDT PRACH or EDT PRACH or any of the both.

5. There are mixed views on how to address the issue if the UE’s current CE level is different from the CE level indicated by paging for the CF preamble. Therefore solutions to handle the issues can be discussed (e.g., fallback to legacy, leave it to network to escalate the paging if no response, UE can adjust the PRACH resource, providing multiple CFRA PRACH resource for different CE level in paging).
6. Majority of companies (six companies) agree that such CFRA resources should not be reserved for multiple RA occasions and can be valid for the next contention free preamble transmission opportunity after paging. One company thinks RAN1 feedback is needed and one company thinks legacy preamble retransmission mechanism can be used.

7. Majority companies (six companies) agree that contention free preamble retransmission and power ramping up is not needed and network can handle the escalation of paging retransmission if no response from UE is received.

8. One company raised the issue on how to optimize the transmission power of CFRA preamble and LS needs to be sent to RAN1.

9. One company raised the issue if it is possible to establish the S1 connection as early as CFRA PRACH preamble is received by the eNB and RAN3/SA2 needs to be informed.

Discussion Point 4.3.1.
Whether to explicitly indicate which PRACH resource (EDT or non EDT or any) to use.

Discussion Point 4.3.2.
Whether CFRA PRACH resource is valid only for the next RA occasion after the reception of paging message (i.e., paging record list). The UE and eNB need to have same understanding on the location of valid RA occasion.
Discussion Point 4.3.3.
Contention free preamble retransmission and power ramping up does not need to be supported.

Discussion Point 4.3.4.
How to optimize the transmission power of CFRA preamble and whether to send LS to RAN1

Discussion Point 4.3.5.
Whether it is possible to establish the S1 connection as early as CFRA PRACH preamble is received by the eNB and whether to send LS to RAN3/SA2.
Msg4-based solution

2. There are mixed views whether or not UE can use the legacy MO EDT preamble. Four companies think legacy MO-EDT preamble can be used but new TBS for MT EDT can be defined. Three companies think legacy preamble can be used and there is no issue. One company think dedicated preamble for MT EDT can be defined.
Discussion Point 4.3.1.
In response to paging message that includes MT CP-EDT, UE can use legacy MO-EDT preamble. Whether or not new TBS size (i.e., smaller TBS size than 328 bit to send NAS service request without UL data) needs to be defined.
4.4 Reception of DL data
Msg2-based solution

10. Four companies think there is no issue in the configuration for Msg2 reception and four companies think some change is needed. It is Rapporteur’s understanding from the comments that there is no fundamental issue in the configuration for the reception of Msg2 for Msg2-based MT EDT. But RAN2 can discuss if different timer (with different RAR window size) for RAR window needs to be defined. Also RAN2 can discuss how to provide TA and UL grant as some companies think UL grant may not be valid because UE may not have UL data to transmit when UL grant is received.

11. Four companies think that RRCEarlyDataComplete message can be reused to carry the DL data in Msg2 while four companies think that new DL CCCH RRC message is needed. RAN2 can discuss whether to re-use existing RRC message or define new RRC message for Msg2-based solution.

12. All companies agree that Msg2 can indicate UE to fall back to legacy RRC connection procedure. However, RAN2 can discuss whether to use legacy RAR, modified RAR or use RRCConnectionSetup message in Msg2 for fallback.

13. All companies agree that HARQ feedback for the DL data in Msg2 should be supported. RAN2 can discuss whether the configuration of PUCCH is same as that of Msg4 and whether both HARQ ACK and NACK are used.

14. One company raised the issue on how to send the new RAR and DL data. RAN2 can discuss whether the new RAR and DL data can be sent in different TBS.

Discussion Point 4.4.1.
Whether new RAR window (i.e. new timer of RAR window) is configured for Msg2 based solution.

Discussion Point 4.4.2.
Whether to define new RAR format for Msg2 based solution to provide TA and UL grant or use legacy mechanism (i.e., TA MAC CE, UL grant in PDCCH).

Discussion Point 4.4.3.
Whether the new RAR (or TA and UL) and DL data can be scheduled in different TBS.

Discussion Point 4.4.4.
Whether to re-use existing RRC message (i.e., RRCEarlyDataComplete) or define new DL-DCCH RRC message for Msg2-based solution.

Discussion Point 4.4.5.
Msg2 can indicate UE to fall back to legacy RRC connection procedure. Whether to use legacy RAR, modified RAR or use RRCConnectionSetup message in Msg2 for fallback.

Discussion Point 4.4.6.
HARQ feedback for the DL data in Msg2 can be supported. Whether the configuration of PUCCH is same as that for Msg4 and whether both HARQ ACK and NACK are used.
Msg4-based solution

3. There are no issues identified for Msg4-based solution regarding reception of DL data in Msg4.

4.5 Response to DL data
Msg2-based solution

15. All companies agree on the issue how to provide UL grant and TA in the Msg2 together with DL data. Rapporteur thinks this issues is related to issues raised above and can be considered there.

16. All companies agree on the issue how network determines the size of UL grant. RAN2 can discuss the solutions including based on UE’s preference or defining multiple TBS as in MO EDT or defining minimum TBS size.

17. All companies agreed that sufficient gap between Msg2 and Msg3 is needed as UE may need time to process DL data. RAN2 can discuss how network decides to provide the larger gap in DCI (e.g., minimum gap to define or based on TBS size provided or leave it to eNB) and ask RAN1 if existing DCI can schedule UL grant with sufficient gap.

18. One company raised the issue on which RRC message to use. RAN2 can discuss whether existing RRC message or new RRC message to define to send the Msg3 response to the DL data in Msg2.

19. One company raised the issue whether or not integrity protection of UL RRC message is needed. It is rapporteur’s understanding that if RRC message includes the integrity protected NAS PDU, then AS layer integrity protection of RRC message is not needed. RAN2 can discuss whether or not the UL RRC message in response to DL data in Msg2 always includes NAS layer integrity protected NAS PDU.

20. One company raised the issue whether or not AS NAS interaction is needed. RAN2 can discuss the required AS NAS interaction.

21. One company raised the issue that in legacy, Msg3 carries a NAS PDU which includes security parameter e.g. eKSI but how to provide eKSI before DL data in Msg2 based solution? The proposed solution is to wait for SA3. Rapporteur also agree that we can wait for SA3 if there is any issue.

Discussion Point 5.5.1.
How network determines the size of UL grant whether it is based on UE’s preference or defining multiple TBS as in MO EDT or defining minimum TBS size or eNB implementation.

Discussion Point 4.5.2.
How network decides to provide the larger gap in DCI (e.g., minimum gap to define or based on TBS size provided or leave it to eNB).
Discussion Point 4.5.3.
Whether existing RRC message or new UL-CCCH RRC message to define to send the Msg3 response to the DL data in Msg2.

Discussion Point 4.5.4.
Whether or not the UL RRC message in response to DL data in Msg2 always includes NAS layer integrity protected NAS PDU and discuss possible AS NAS interaction.
Msg4-based solution

4. Most of the companies agree that it needs to be discuss how network decides UL grant needs to be provided in Msg4 together with DL data (i.e., whether or not UE needs to send the UL response message to the DL data). RAN2 discuss whether network decides based on available information for UE i.e., indication from UE in Msg3 or UE’s preference information from MME or UE’s communication and traffic pattern.

5. If UL grant is provided in Msg4, it needs to be discussed how to provide the UL grant. RAN2 discuss whether the UL grant can be scheduled together with DL data or separately.

6. Most of the companies agree that RAN2 discuss whether UE moves to connected mode (i.e., RRC connection setup with DL data in Msg4, UL feedback in Msg5 and RRC release in Msg6) or stays in IDLE mode (i.e., RRC early data complete in Ms4 and UL feedback data in Msg5).
Discussion Point 4.5.1.
Whether network decides UL grant needs to be provided in Msg4 together with DL data (i.e., how network knows whether or not UE needs to send the UL response message to the DL data) based on (1) indication from UE in Msg3 or (2) UE’s preference information from MME or (3) UE’s communication and traffic pattern or (4) eNB implementation.

Discussion Point 4.5.2.
How to provide UL grant in Msg4 (e.g., L1 or L2 signalling). Whether DL data and the UL grant can be scheduled separately.
Discussion Point 4.5.3.
Whether UE moves to connected mode (i.e., RRC connection setup with DL data in Msg4, UL feedback in Msg5 and RRC release in Msg6) or stays in IDLE mode (i.e., RRC early data complete in Ms4 and UL feedback data in Msg5).
4.6 Solution A vs Solution B
Regarding the companies’ views on which solution to identify, three companies prefer to specify only Msg4-based solution. Six companies are fine with the Msg4-based solution given that legacy MO-EDT procedure is used as much as possible. Also five companies are fine with the Msg2-based solution if the identifies issues are addressed. It seems agreeable that only one solution is introduced for MT EDT (i.e., Msg2-based or Msg4-based solution) and majority companies are fine with Msg4-based solution. 

Discussion Point 4.6.1 
In CP CIoT EPS optimization, whether to introduce Msg4-based solution given that legacy MO-EDT procedure is used as much as possible or the Msg2-based solution given that the identified issues are addressed.
5 Conclusion

For CP CIoT EPS optimization, there are twenty one identified issues that need to be discussed for Msg2 based solution whereas there are only six identified issues that need to be discussed for Msg4 based solution. A possible reason behind this is that Msg4-based solution can re-use the existing mechanism where as Msg2-based solution is a new solution requiring significant work in the design of Paging, RAR, and DL/UL transmission mechanism in addition to the core network impact.

As provided in the summary, there are a list of discussion points based on the identified issues. Therefore, it is proposed that RAN2 discuss the identified issues.
Proposal 1. The CN issues regarding MT EDT initiation and providing DL data size information are handled by SA2/RAN3.

Proposal 2. RAN2 discuss, in CP CIoT EPS optimization, whether to introduce 
1. Msg4-based solution given that legacy MO-EDT procedure is used as much as possible or 
2. The Msg2-based solution given that the identified issues are addressed.
For Msg2-based solution
Proposal 3. RAN2 consider a simple optimization to reduce the size of paging message when including the CFRA resource, number of repetitions, and RNTI.
Proposal 4. RAN2 discuss whether multiple CFRA resources for different CE level needs to be provided at least for the case where preamble partition is used to distinguish the CE level (i.e., multiple PRACH resource is not shared among the CE levels).

Proposal 5. RAN2 discuss whether to explicitly indicate which PRACH resource (EDT or non EDT or any) to use.

Proposal 6. CFRA PRACH resource is valid only for the next RA occasion after the reception of paging message (i.e., paging record list). RAN2 discuss how to make sure UE and eNB are in sync for the same valid RA occasion.
Proposal 7. Contention free preamble retransmission and power ramping up is not supported.
Proposal 8. RAN2 discuss on how to optimize the transmission power of CFRA preamble and whether to send LS to RAN1
Proposal 9. RAN2 discuss if it is possible to establish the S1 connection as early as CFRA PRACH preamble is received by the eNB and whether to send LS to RAN3/SA2.
Proposal 10. RAN2 discuss whether new RAR window (i.e. new timer of RAR window) is configured for Msg2 based solution.

Proposal 11. RAN2 discuss whether to define new RAR format for Msg2 based solution to provide TA and UL grant or use legacy mechanism (i.e., TA MAC CE, UL grant in PDCCH).

Proposal 12. RAN2 discuss whether the new RAR (or TA and UL) and DL data can be scheduled in different TBS.

Proposal 13. RAN2 discuss how network determines the size of UL grant whether it is based on UE’s preference or defining multiple TBS as in MO EDT or defining minimum TBS size or leave it to eNB.
Proposal 14. RAN2 discuss how network decides to provide the larger gap in DCI (e.g., minimum gap to define or based on TBS size provided or eNB implementation).
Proposal 15. RAN2 discuss whether to re-use existing RRC message (i.e., RRCEarlyDataComplete) or define new DL-DCCH RRC message for Msg2-based solution.
Proposal 16. Msg2 can indicate UE to fall back to legacy RRC connection procedure. RAN2 discuss whether to use legacy RAR, modified RAR or use RRCConnectionSetup message in Msg2 for fallback.
Proposal 17. HARQ feedback for the DL data in Msg2 should be supported. RAN2 discuss whether the configuration of PUCCH is same as that for Msg4 and whether only HARQ ACK is used.
Proposal 18. RAN2 discuss whether existing RRC message or new UL-CCCH RRC message to define to send the Msg3 as response to the DL data in Msg2.
Proposal 19. RAN discuss whether or not the UL RRC message in response to DL data in Msg2 always includes NAS layer integrity protected NAS PDU and discuss possible AS NAS interaction.
For Msg4-based solution 
Proposal 20. In response to paging message that includes MT EDT, UE can use legacy MO-EDT preamble. RAN2 discuss whether or not new TBS size (i.e., smaller TBS size than 328 bit to send NAS service request without UL data) needs to be defined.

Proposal 21. RAN2 discuss whether network decides UL grant needs to be provided in Msg4 together with DL data (i.e., how network knows whether or not UE needs to send the UL response message to the DL data) based on (1) indication from UE in Msg3 or (2) UE’s preference information from MME or (3) UE’s communication and traffic pattern or (4) implementation.
Proposal 22. RAN2 discuss how to provide UL grant in Msg4 (e.g., L1 or L2 signalling). Whether DL data and the UL grant can be scheduled separately.
Proposal 23. RAN2 discuss whether UE moves to connected mode (i.e., RRC connection setup with DL data in Msg4, UL feedback in Msg5 and RRC release in Msg6) or stays in IDLE mode (i.e., RRC early data complete in Ms4 and UL feedback data in Msg5).
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