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1 Introduction
RAN1 received LS [1] from RAN4 with 2 solutions on additional DC location reporting:
1) Report TX DC location after every activation of BWP’s including CC activation, BWP switching procedure, etc.

2) Report each TX DC location based on permutations of all possible simultaneously activated BWPs within configured BWPs
In RAN#89 meeting, agreement on additional DC location for intra-band UL CA is captured in chairman note as:
“Proposal (final2): a mechanism of DC location reporting for intra-band UL CA should be specified in Rel-16

· RAN2 is tasked to provide at least one RAN2-based signalling solution for at least 2 UL CCs of intra-band UL CA in FR1 to RAN#90, considering forward compatibility to other combinations (more than 2 UL CCs and/or FR2) 

· Other solutions are not precluded and can be discussed in RAN1, RAN2 and RAN4. Selection between solutions can be discussed at RAN#90 or later (if possible). ”

This paper provides analysis and proposals on DC location reporting for intra-band UL CA.
2 Discussion
The agreement made in RAN plenary does not preclude other solutions, and selection between solutions is open in the following RAN#90e meeting. In RAN4’s LS, a BWP activation based solution is mentioned: “Report TX DC location after every activation of BWP’s including CC activation, BWP switching procedure, etc.”, which have big impact on L1 spec. We provide some analysis on this solution here.
2.1 Feasibility of BWP activation based solution 
In Rel-15, RAN1 confirms 3301(undetermined location) is allowed for intra-band UL CA considering LO shift caused by CC activation/deactivation in [2]. In Rel-16, RAN4 introduced FR1 intra-band UL CA feature and corresponding RF requirements, while its accurate DC location cannot be correctly indicated which leads to UL performance degradation especially for 256QAM. Therefore, RAN4 decides to introduce additional DC location reporting UE capability in Rel-16 [1][4] firstly and to solve the reporting mechanism within Rel-16. In RAN#89e, it is agreed to introduce additional DC location reporting for intra-band UL CA in Rel-16.
Observation 1: The mechanism of additional DC location reporting for intra-band UL CA should be fulfilled in Rel-16.
For the BWP activation based solution, it can be further classified into 2 methods which was discussed in RAN4:
1. Alt.1: gNB is required to transmit RRCReconfiguration to the UE after each CC or BWP activation, and UE report DC location for the active BWPs by current RRC signalling.
2. Alt.2: UE report the LO position after CC or BWP activation by new L1/L2 signalling.

For Alt.1, since BWP activation can be triggered by DCI command while RRCReconfiguration signalling requires for tens of milliseconds, the processing delay for RRCReconfiguration and DCI command are not matched. It means UE may complete RRC signalling long after DCI command is fulfilled by UE, it leads to that gNB would be unaware of the DC location before the RRC signalling. In TS 38.331, it is specified that the RRC procedure delay for RRC reconfiguration is 10ms as below.
	Procedure title:
	Network -> UE
	UE -> Network
	Value [ms]
	Notes

	RRC Connection Control Procedures

	RRC reconfiguration


	RRCReconfiguration
	RRCReconfigurationComplete
	10
	


The situation can be described in Fig 1:
[image: image1.emf]
Fig 1. Processing delay for RRCReconfiguration and DC are not matched
For Alt.2, the key problem is the complex L1 design and big overhead introduced by DC location. One possible solution is to utilize PUCCH for DC location reporting: for each BWP activating, UE reporting DC location in earliest PUCCH after UE is working in the new BWP as shown in Fig 2. But there are many issues need to solved by RAN1 spec: Firstly, one DC location has 12 bit number, then PUCCH format 0/1 are not adaptable, while how many OFDM symbols are needed depends on other conditions (PUCCH format, coding rate…). UE reporting the LO position after each BWP activation will create substantial control overhead in L1. Secondly, the PUSCH transmission before the adaptable PUCCH would be still without DC location reporting to gNB. Thirdly, PUCCH transmission specifically for DC location is not easy to ensure, e.g. it can be scheduled by each BWP switching DCI command, or can be scheduled by UE sending SR. However, for timer based BWP switching, the PUCCH scheduling would need additional complex design. It can be expected even larger delay for TDD band.
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Fig 2. One example: Report additional DC by PUCCH after each BWP activation
For BWP activation based solution, the other important problem is Rel-16 time budget, we can see that almost all companies provide concerns [3] on initiating a discussion in RAN1 which would have big impact on RAN1 spec in Rel-16. So we have following observation:
Observation 2: Neither alternative for BWP activation based solution solves intra-band CA DC location issue well, because the report timing cannot be ensured before PUSCH transmission in the new BWP, and it introduces big RAN1 spec impact and L1 signalling overhead.
In our understanding, RAN1 based solution requires long discussion to solve the problems introduced by additional DC reporting, for which the timing budget is not enough in Rel-16. Additionally, RAN1 spec revision in Rel-16 will have big implementation impact on UE/gNB L1 design. Furthermore, forward compatibility issue is raised in RAN#89e which is related to “more than 2 UL CCs and/or FR2” cases. If there are such leftover issues in Rel-16, we think RAN1 can further study on it in Rel-17.
Proposal 1: RAN1 based solution is not feasible in Rel-16 considering limited time budget.
3 Conclusion

In this contribution we discussed the open issues on intra-band CA DC location. According to the analysis, we have the following observations and proposal:
Observation 1: The mechanism of additional DC location reporting for intra-band UL CA should be fulfilled in Rel-16.
Observation 2: Neither alternative for BWP activation based solution solves intra-band CA DC location issue well, because the report timing cannot be ensured before PUSCH transmission in the new BWP, and it introduces big RAN1 spec impact and L1 signalling overhead.
Proposal 1: RAN1 based solution is not feasible in Rel-16 considering limited time budget.
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