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1. Introduction

In the last RAN workshop discussion, CA/DC enhancement is identified as one of the potential topics for Rel-18 future discussion [1]. During the pre-meeting email discussion [2], we observe that views are still diverging. In this contribution, we intend to provide our considerations on CA/DC enhancements.
2. Discussion 

2.1 Outcome of Rel-18 email discussion
Here is the proposed conclusions from the moderator on the email discussion of the CA/DC enhancements
	Proposal 3 (non-controversial): For CA/DC enhancement, continue RAN discussions on the following potential enhancements to determine whether or not to include as part of Rel-18.

· Cross carrier operation enhancement (RAN1, RAN2)

○ For example, multi-cell scheduling with single DCI, FR2 SCell scheduling for PUSCH on FR1 PCell, cross carrier HARQ

· Multi-RAT Multi-Connectivity, MR-MC (RAN2, RAN3, RAN1): 

○ For example, enhanced simultaneous UL transmissions and DL receptions with multiple cell group management 

· FR2-specific aspects (RAN2, RAN4) 

○ For example, SCell/SCG setup delay reduction with early measurement enhancement




According to the summary from the moderator, this paper further provides views for each example area.
2.1.1 Cross carrier operation enhancement 

FR2 SCell scheduling for PUSCH on FR1 PCell
As several companies commented also in the email discussion, this is a corner case in practice since PDCCH resources in multiple FR1 carriers are typically available. There is no strong motivation to put PDCCH on FR2, especially considering the coverage of the scheduling carrier on FR2 may be much smaller than the scheduled carrier on FR1. Therefore the use cases are not seen as a typical one and it is not seen beneficial to specify mechanism for such corner cases.
Proposal 1. FR2 SCell scheduling for PUSCH on FR1 PCell is not considered in R18.

Cross carrier HARQ
In the pre-meeting email discussion and contributions submission, there are quite a few companies supporting to include this topic in R18. Some companies questioned that this major use cases are for URLLC, the potential gains and whether substantial impact would be needed for RAN2 MAC. 
· Regarding whether it should be discussed in URLLC or in CA/DC enhancements: NR URLLC poses high requirements for latency and reliability, e.g., 1ms. Besides, XR traffic has the similar requirements. In this case, cross carrier HARQ can bring the benefits of latency reduction for various applications. For example, transmission latency on the TDD band is limited by the D/U configuration, the gain is obvious if re-transmissions can be performed on another complementary TDD band or FDD band. As several companies commented, as long as such enhancements are seen for some applications, it should be kept open for Rel-18 discussion; and as the major targeting configuration is for TDD+TDD CA case, this fits in the scope of CA/DC enhancements well. 

· The performance gains seem significant and the detailed analysis can be found in Section 5.1 and our company’s companion paper [3].
· The impact on MAC: In our view, the major impact on MAC is to support HARQ entities management across CCs, and it can be a simplified modelling to ensure the data for HARQ retransmission on a different carrier can be obtained from HARQ buffer, which can reuse the existing framework of one HARQ per carrier. Therefore the impact at MAC layer is not complicated. 

Based on the above, it is suggested to consider cross-carrier HARQ in Rel-18.
Proposal 2. Cross-carrier HARQ is supported in R18.
2.1.2 MR-MC 

For MR-MC, In general we think the MR-DC options specified in Rel-15 have provided sufficient support for deployments, and there seems no urgency from the marketing to extend this to multiple CGs.

According to the comments from other companies, we think the MR-MC includes two areas. One is more than one activated SCG. Another is only one activated SCG. 
More than one activated SCG
During the email discussion, most of companies think it will increase the UE complexity and several companies does not see urgent commercial needs for supporting the MR-MC with more than one activated SCG. Some companies argue that the MR-MC with 3 activated DL + 2 activated UL will not increase the UE complexity and think there is no actual difference between CA with multiple DL cells and MR-MC. 
From our observation, how to send the UL control information of the deactivated UL SCG in this case is very complicated. The UE need send the UL control information of the deactivated UL SCG to the deactivated SN via the other activated UL SCG. The UE needs to perform the cross CGs interaction in RLC/MAC/PHY. This will not only increase the UE complexity, but will also require forwarding of HARQ or RLC feedback via Xn interface. The Xn delay usually has around 20ms delay, which will have considerable impact on the timing and effectiveness of these UL control information. 

Some companies think MR-MC with 3 DL+ 2 UL is similar to MR-DC with CA from RF perspective. In our understanding, CA only has one single MAC entity and the performance is much better than MR-DC. If the requirements for the UE RF capability is similar, CA is an easier deployment than MR-DC. In addition CA has already supported cross-carrier scheduling and thus UL control information sent over another carrier can already be implemented. 
Observation 1: Technical needs and commercial requirements of supporting more than one activated CG are not clear.  
Only one activated SCG

In our understanding, the proposals on only one activated SCG include the fast SCG switching and MN/SN role change. The motivations of them are to reduce the interruption time.

For the fast SCG switching, the current inter-SN CPC in R17 can already fulfil the requirement, and this has also been pointed by several companies in the email discussion. In the inter-SN CPC, RAN can configure multi candidate SNs for the UE. The UE can select the suitable SN based on the configured execution condition. RAN also introduced the early data forwarding for the inter-SN CPC. Therefore it is unclear what the benefits are to have a new solution compared with R17 inter-SN CPC solution, which has already reduced the interruption time to a very low level. 

Some companies also mentioned the MN/SN role change, and we think the targeting scenario is that the PCell/MCG failure is detected. In R16, RAN2&3 has specified MCG fast recovery for the MCG failure. The MN also can inform the UE to handover to the SN in the MCG fast recovery. It means the SN also can already be changed to the MN.  In our understanding, in the MN/SN role change, the MN also need to forward the data to the SN and the SN key also need to be updated. The data forwarding and transmission procedure are the same in these two procedures. Therefore it also unclear what benefits can be achieved for this solution compared with the existing solution. 
Observation 2: Technical needs of supporting fast CG switch compared with existing solutions are not clear. 
Proposal 3. Considering there is no urgent commercial requirements and the technical needs are not clear, it is suggested not to consider MR-MC in Rel-18.
2.1.3 FR2-specific aspects 

For the SCell/SCG setup delay reduction, we are OPEN to discuss this aspect and understand the major impacts are in RAN4 to improve RRM requirements. We observed in RAN4 email discussion [4] that some companies proposed the FR2 RRM enhancement for the FR2 delay reduction.

	− RRM requirement focus enhancement, with the following areas

○ FR2 RRM enhancement

◾ Enhancement RF beam measurement requirements to allow UE to measurement a subset of

the configured resources

◾ Define FR2-FR2 DAPS requirements

◾ SCell activation enhancement in FR2

◾ Enhancement type 2 BWP switch in FR2

◾ RRM for different Rx beam sets in FR2

◾ Network controlled gaps for UE Rx beam switching

◾ FR2 delay reduction enhancements


Also we observed RRM enhancements is already one candidate target in RAN4 Rel-18 according to the summary from the moderator in the RAN4 email discussion. 
	Proposal #6: Endorse the following high level topic

− RRM requirement focus enhancement (non-controversial)


Therefore we support the FR2-specifc aspects enhancements and suggest to discuss them in RAN4.
Proposal 4. Considering the proposal of FR2 specific enhancements are mainly for RRM optimization, RAN4 is suggested to further discuss these aspects as the major impacted group.
3. Conclusions
In this contribution, we have provided our considerations on the suggested scope of NR CA/DC enhancements in R18, with the following proposals.

Proposal 1. FR2 SCell scheduling for PUSCH on FR1 PCell is not considered in R18.

Proposal 2. Cross-carrier HARQ is supported in R18.
Observation 1: Technical needs and commercial requirements of supporting more than one activated CG are not clear. 

 Observation 2: Technical needs of supporting fast CG switch compared with existing solutions are not clear. 

Proposal 3. Considering there is no urgent commercial requirements and the technical needs are not clear, it is suggested not to consider MR-MC in Rel-18.
Proposal 4. Considering the proposal of FR2 specific enhancements are mainly for RRM optimization, RAN4 is suggested to further discuss these aspects as the major impacted group.
In the appendix, we intend to give some detailed analysis on carrier HARQ. 
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5. Appendix
5.1 Analysis on cross carrier HARQ

In this appendix, the E2E latency of controller (or named as PLC) communicating with UPF with and without cross-HARQ HARQ is analyzed for the complementary CA scenario where a carrier of 8:2 frame structure and another carrier of 2:8 frame structure are deployed. 
Note that the following assumptions are used for latency analysis, which is similar to the analysis for performance evaluation in R16 and also the newest evaluation for 5G-ACIA (see [5] and reference paper therein).
· The scheduling unit is 7 os, both PDSCH, PUSCH and PUCCH are of 7os

· Processing delay at UE: the UE processing capability #2 is assumed

·   The processing latency from receiving PDSCH to feeding back HARQ-ACK is N1 = 4.5 = 5 os 

·   The processing latency from receiving UL grant to transmitting PUSCH is N2 = 5.5 = 6 os

·   The processing latency for initial transmission and final decoding is 3 os, nearly a half of N1/ N2
· Processing delay at gNB: it is assumed to be the same as that in the UE, i.e., 

·    The processing delay for receiving PUSCH is N1 = 5 os

·    The processing delay from receiving HARQ-ACK to transmitting DL retransmission PDSCH N2 = 6 os

·   The exchanging latency between the BS and the core network is 1ms

E2E Latency for complementary CA without cross-carrier HARQ scheduling
From Figure A. 1 below, it is found that if cross-carrier retransmission is not supported, waiting an available DL resource in the same carrier as initial transmission would incur an extra delay of 4 ms (shown as the delay from dotted red rectangular to the red rectangular). To sum up, the total latency is about 7.2 ms. 

[image: image1.png]PLC (UED),




 
Figure A. 1 Illustration of the processing latency for complementary CA without cross-carrier HARQ scheduling
E2E Latency for complementary CA with cross-carrier HARQ scheduling 
For complementary TDD with cross-carrier HARQ and scheduling, there is no waiting delay and the total E2E latency is about 3.45 ms even when the scheduling delay of 7 os is considered, as shown in Figure A. 2 below.
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Figure A. 2 Illustration of the processing latency for complementary CA with cross-carrier HARQ scheduling
Based on the above example and analysis, the latency can be reduced significantly if cross-carrier HARQ is support, which benefit for NR URLLC or XR traffic since it allows more retransmission choice within a given latency budget requirement.  And it finally leads to higher reliability and higher capacity. Therefore, we have the following proposal

 Proposal 1: Cross-carrier HARQ is supported in R18
