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1 Introduction
In Chapter 5.4.1 of TS38.300 v15.5.0 [1], it is stated that: When CA is deployed frame timing and SFN are aligned across cells that can be aggregated. The reason for NR to add such restriction on frame timing is to follow the basic principle of LTE [2]. 
In this contribution, we first analyze that for NR CA deployment, it is possible to exist case to aggregate two NR carriers that not frame boundary aligned with each other. Then we analyze that difference from LTE, it is not necessary for NR to require frame timing alignment among aggregated carriers. Finally, we propose the change request of TS38.300 to remove the restriction of frame timing alignment of CA. 
This contribution is a revision of R1-1907746, originally, it has been discussed with the understanding that from NR specification itself, it seems no reason to keep such strict boundary alignment requirements as LTE, however, it is identified that cross-carrier operation in CA maybe a motive for strict frame boundary alignment, if cross-carrier operation is to be applied in some UEs (CA capable UE does not necessarily support cross-carrier behaviors). So it is noted in the minutes that companies are encouraged to look into 213/214 to identify if there are other operations in CA requiring frame boundary alignment. 
2 Discussion on necessity of NR CA frame boundary alignment 
For NR CA deployment, it is possible to exist case to aggregate two NR carriers that not frame boundary aligned with each other. 
One example is illustrated in Fig. 1. Specifically, in Band A, LTE TDD CC1 and NR CC2 are adjacent carriers. Considering the different definitions of LTE frame structure and NR structure, to ensure DL/UL alignment of LTE and NR carriers, a frame boundary shift between NR and LTE is necessary when LTE applies DL/UL Config. 2 and NR uses a frame structure of 5ms periodicity DL/UL switching period. From the operator’s perspective, it is quite common case that there is another carrier in a different band, e.g., CC3 in Band B as in Fig. 1, which is to be aggregated with CC2 in Band A by CA to boost date rate for UEs. If the CC3 in Band B apply the same frame boundary timing as NR CC2, e.g., Case 1 of CC3, then there is no problem. But in practical deployment, it is also quite possible to face the case that the frame timing of NR TDD CC3 needs to be aligned with another carrier belonging to another operator, which may lead to unaligned frame timing between CC2 and CC3, e.g., like case 2 of CC3. One reason of Case 2 frame timing of CC3 is to ensure adjacent channel co-existence of multiple operators, which requires the DL/UL transmission direction and frame timing to be well aligned. 
Observation 1: For NR CA deployment, there would exist cases to aggregate two NR carriers that not frame boundary aligned with each other at least from RAN1 point of view. 



Fig. 1. Illustration of one case for NR CA with non-aligned frame boundary

Different from LTE, it is not technically necessary to require frame timing be aligned across cells that be aggregated.
In LTE, the frame timing alignment requirement mainly comes from the HARQ timing. Specifically, the HARQ timing in LTE is determined by the subframe index of scheduling subframe n and the ACK/NACK feedback subframe n+k, where the value of k is explicitly specified by tables in the specification of TS36.213. To determine the feedback subframe, the frame timing of aggregated carriers need to be aligned, so as to allow Pcell and Scell to achieve same understanding on the subframe index for ACK/NACK feedback. 
By contrast, the HARQ feedback timing of NR is designed in a quite flexible way without restriction of exact frame boundary alignment. Specifically, for the PDSCH scheduled on slot n, the ACK/NACK feedback is on slot n+k, where the value k is in general be indicated by DCI. So for NR CA, it only requires slot boundary to be aligned (under case of same numerology), then the Pcell and the Scell could achieve same understanding on the ACK/NACK feedback slot. 

In RAN1#97 meeting, observation about the two interpretations on timing assumption, as well as their corresponding impact on the implementation is confirmed as below:

From some cross-carrier operation, e.g., cross-carrier scheduling, cross-carrier triggering, etc., in 214, at least in cross-carrier scheduling, the timing on the scheduled cell may have two interpretations:
· Interpretation 1: UE takes the slot numbering of the scheduling cell as timing reference for scheduled behavior;
· If UE goes with this interpretation, frame boundary alignment or not will cause different timing in scheduled cell
· Interpretation 2: UE takes the timing location of the numbering slot of the scheduling cell as timing reference for scheduled behavior;
· If UE goes with this interpretation, frame boundary alignment or not will have no impact on timing in scheduled cell 
Above two interpretation can be illustrated as Fig 2.1 and Fig 2.2 
	


	Fig 2.1 Slot numbering of the scheduling cell is taking as timing reference in scheduled cell

	


	Fig 2.2 Timing location of the scheduling cell is taking as timing reference in scheduled cell



Based on feedback from some chipset vendors on this implementation, it seems some implementation has followed interpretation 1, which means it will cause some unexpected consequence if the network without applying frame boundary  alignment while supporting cross-carrier scheduling/cross-carrier triggering for the cross-carrier capable UEs. To accommodate both the synchronization relaxation on NR CA and the implementation in cross-carrier capable UEs, this kind of UEs can report its expectation on the frame boundary alignment, which will help the gNB to judge if the cross-carrier operation can be applied to this kind of UEs or not based on the deployment. 
In general, if no factors requiring strict frame boundary alignment are identified for supporting basic CA, but only some optional features on top of CA, like cross-carrier scheduling/triggering, additional UE capability can be introduced in R16 to address the issues related to frame boundary alignment relaxation.

Proposal 1: For NR R16, it is recommended to introduce additional UE capability to indicate if strict frame timing alignment is required.

A text proposal on 38.300 based on proposal 1 is provided as following. We propose that send RAN2 a LS to adopt the text proposal to remove the unnecessary restriction on NR CA.
Proposal 2: Send RAN2 a LS to confirm RAN1 perspective it is not mandatory to restrict frame timing alignment on NR CA.

3 Proposed text proposal if RAN2 has same understanding 


[bookmark: _Toc526530878]<Start of Text proposal>
5.4	Carrier aggregation
[bookmark: _Toc526530879]5.4.1	Carrier aggregation
In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit on one or multiple CCs depending on its capabilities. CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells that can be aggregated. The maximum number of configured CCs for a UE is 16 for DL and 16 for UL.
[bookmark: _Toc526530880]5.4.2	Supplementary Uplink
In conjunction with a UL/DL carrier pair (FDD band) or a bidirectional carrier (TDD band), a UE may be configured with additional, Supplementary Uplink (SUL). SUL differs from the aggregated uplink in that the UE may be scheduled to transmit either on the supplementary uplink or on the uplink of the carrier being supplemented, but not on both at the same time.
<End of text proposal>
3 Conclusions	
In this contribution, we analyzed that it is not necessary for NR to require frame timing alignment among aggregated carriers. We propose the following: 
Proposal 1: For NR R16, it is recommended to introduce additional UE capability to indicate if strict frame timing alignment is required.

Proposal 2: Send RAN2 a LS to confirm RAN1 perspective that it is not mandatory to restrict frame timing alignment on NR CA.
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