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Introduction
In the last RAN2 meeting the contribution [1] from Vodafone discussed the impact on LTE/EPC from the introduction of LTE/5GC and raised two potential issues resulting from the lack CN differentiation in MSG3 in the RRC connection setup procedure:
· Issue #1 (Increased latency for Service Request in EPS)
The NAS Service Request (SR) has a fixed size in EPS and therefore the eNB knows the size of MSG5 and can provide a suitable UL grant when receiving MSG3 with an establishment cause corresponding to SR (i.e. “mo-data” or “mt-Access”). However, if the eNB is also connected 5GC the size of MSG5 is no longer known beforehand as the UE may be using 5GS which uses a completely different NAS service request. The eNB could potentially solve this by initially providing a small UL grant for MSG5 and then schedule the remainder of MSG5 when it receives the BSR from the UE. However, this increases latency compared to providing a correctly sized UL grant directly.
· Issue #2 (Being able to reject EPS UEs due to MME overload)
If the CN cannot be determined from MSG3 the eNB will not be able to reject EPS UEs at e.g. MME overload. This is because RRC reject message can only be sent as MSG4 when the UE is still in RRC_IDLE. Rejecting the UE after MSG5 (when the CN is known) using RRC connection release is not possible either since that message does not contain a wait timer.

The Vodafone contribution also raised another 5GS related issue that is caused by the way 5G-S-TMSI is split over MSG3 and MSG5. It is important to note that this issue exists regardless of whether CN differentiation in MSG3 is introduced or not.

· Issue #3 (Being able to reject 5GS UEs due to AMF overload)
Being able to reject a UE due to MME/AMF overload requires not only that eNB can determine the CN type but it must also know the MME/AMF identity contained in the S-TMSI/5G-S-TMSI. However, unlike EPS where the S-TMSI is 40 bits and fits into MSG3, the 5G-S-TMSI is 48 bits and must be split over MSG3 and MSG5. As a consequence, the AMF identity is not known until MSG5 which means it will be too late to send RRC reject. For the same reason as in issue #2, rejecting the UE after MSG5 using RRC connection release is not possible due to the lack of wait timer.
After the RAN2 meeting there was also a “unofficial” email discussion where companies were invited to express their views on these issues. In this contribution we explain our view in more detail and propose a way forward.  
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We first discuss how to address the lack of CN differentiation in MSG3 that causes issues #1 and #2. In our view issue #1 is not that severe considering:

· The impact on EPS can be avoided by the eNB by always choosing the UL grant size matching the EPS SR. It would then only be the 5GS UEs that potentially need to send a BSR.
· For EPS UEs in poor coverage the eNB will anyway not be able to provide a large enough UL grant to fit MSG5 in a single transport block. The smallest UL grant in LTE is 56 bits and since MSG5 (including MAC, RLC, PDCP, RRC overhead) is larger than that the UE will send a BSR and additional UL grant(s) will need to be provided to fit the rest of the message.
· The additional delay caused by providing a too small UL grant and sending a BSR is very short, only around 7ms. If MSG5 does not fit into the UL grant received in subframe n, the message gets segmented and the first segment plus a BSR will be included in the MAC PDU transmitted in subframe n+4. Assuming an eNB processing delay of d subframes, the eNB will provide another UL grant in subframe n+4+d and the UE will transmit the next segment in subframe n+4+d+4. Setting d = 3, i.e. same as on the UE side, the total added delay is 4 + 3 = 7 ms.

Issue #2 however is more difficult, and it seems it can only be addressed by adding some form of CN differentiation in MSG3. (Note that adding wait timer in the release messaged does not work in the EPS case since legacy UEs will not be able to comprehend such extension). Since SA2 seems to have ruled out any option for CN differentiation that require coordination between S-TMSI and 5G-S-TMSI, the remaining options as we see it are:
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a) Define a new logical channel, i.e.  a new CCCH
b) Use the spare bit field in the RRC connection request message
c) Use the critical extension field in the RRC connection request message (similar to what we did for RRC connection resume request)

Option a involves more changes but creates a clean separation between EPS and 5GS messages. If this solution is agreed, then we should consider adopting it for all 5GS related CCCH messages, i.e. RRC connection resume and RRC connection re-establishment messages would also be sent on the new logical channel. Another benefit of this is that it would allow us to potentially align the establishment and resume causes in LTE/5GC and NR.
If option a is not accepted, then option b or c which require less changes can be considered. Here we have a slight preference for option c as it is similar to what we did to differentiate between EPS and 5GS in the RRC connection resume message.

[bookmark: _Toc528652551]Adopt one of the following options to support CN differentiation for the RRC connection request message:
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Next, we consider how to address issue #3. As described in the introduction section, issue #3 is caused by the fact that 5G-S-TMSI is split over MSG3 and MSG5 which means the AMF identity is not known until MSG5. To address this issue there are two options we can consider:

a) Ensure that the whole AMF identity is provided in MSG3 by including the 40 leftmost bits instead of the 40 rightmost bits
b) Introduce wait timer in the RRC connection release message

With option a the AMF identity is known after MSG3 which means it is possible to reject the UE with a wait timer using RRC connection reject. The drawback is that UE variable part of the 5G-S-TMSI included in MSG3 is reduced from the current 32 bits to 24 bits which increases the collision risk during the contention resolution phase of the random access procedure. It can be argued though that 24 bits is still enough, and it is unlikely that there would be ever that many UEs that there is significant collision risk. However, this may require more careful analysis.

With option b the UE is rejected with a wait timer using RRC connection release after MSG5 when the eNB has received the full AMF identity. In our view this is a simple solution and as pointed out in our other paper on slice specific wait timer [3] there are also some other benefits of introducing a wait timer in the release message. Since the wait timer will only be used for 5GS UEs there is also no backwards compatibility issue. Therefore, we propose:

[bookmark: _Toc528652555]Introduce a wait timer in the RRC connection release message to be able to reject UE for a specific AMF in case of AMF overload.

We also note that issue #3 is not specific for LTE/5GC but applies equally well to NR. Therefore it makes sense to adopt the same solution also for NR.

[bookmark: _Toc528652556]Introduce a wait timer in the RRC connection release message also for NR as the same issue applies there as well.
Conclusion
Based on the discussion in section 2 we propose the following:

Proposal 1	Adopt one of the following options to support CN differentiation for the RRC connection request message:
a) Define a new logical channel, i.e.  a new CCCH
b) Use the spare bit field
c) Use the critical extension field
Proposal 2	Introduce a wait timer in the RRC connection release message to be able to reject UE for a specific AMF in case of AMF overload.
Proposal 3	Introduce a wait timer in the RRC connection release message also for NR as the same issue applies there as well.

[bookmark: _In-sequence_SDU_delivery]References
R2-1814873, Reducing the impact of option 5 on EPC Service Request Procedure and the need to restore Core Network Overload Protection, Vodafone
S2-1811545, LS on Core Network Overload Control with ‘option 5 enabled eNB’, SA2
R2-1817220, Slice specific wait timer, Ericsson
	1/2	
