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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the 3GPP RAN Meeting #86, a work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with inter-cell multi-TRP enhancements:
3. [bookmark: _GoBack]Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
However, the WID does not explicitly specify the network synchronization assumption that this enhancement is based on, and companies failed to reach any agreement/conclusion on this assumption. In the 3GPP RAN Meeting #90-e, the following conclusion on the network synchronization assumption for inter-cell multi-TRP enhancement was achieved:
Conclusion: The network synchronization assumption issue can still be discussed in RAN1
In this contribution, further discussions and proposal on the assumption issue are provided.

Brief summary of past discussions
Companies seem to have different understandings on the inter-cell multi-TRP scenarios:
· Understanding 1: Some companies assume that the network synchronization accuracy can be up to 3 us (in line with the current RAN4 performance requirements), with the M-TRP signals received at the UE not necessarily within one CP length.
This understanding is backed up by several technical justifications, such as the existing synchronization requirements, the analysis of M-TRP propagation delay differences, CP lengths for different numerologies, relationship to other features (such as DAPS), and so on. See e.g. [1-6] for detailed analysis, simulation, and discussions.
An implication of this understanding is that the UE may be required to handle the M-TRP signal receptions with different timings that may be beyond the CP length for at least some numerologies.
· Understanding 2: Some other companies assume the M-TRP signals seen at the UE are always within one CP length.
Companies supporting this understanding argued mainly from UE complexity aspects. Some companies argued that this is implied from RP-193186, but opponents pointed out that RP-193186 was not treated or endorsed.
An implication of this understanding is that the inter-cell multi-TRPs need to tighten the synchronization accuracy to be at least within a CP length (which depends on the numerology), and the propagation delay differences for inter-cell multi-TRPs should also be at least within a CP length. More precisely, the sum of the network synchronization error and the propagation delay differences for inter-cell M-TRP has to be within a CP length, which needs to be ensured by network performance requirements (e.g., new tightened synchronization requirements in TS 38.133, needing additional RAN4 support) and network implementations, i.e., increased network complexity. 
In summary, the core issue of the disagreement is whether the UE or the network should increase its complexity to support the inter-cell M-TRP feature. The disagreement leads to considerations of opposing target use cases (not necessarily within one CP vs only within one CP) and opposing designs (UE handling asynchronization vs network ensuring synchronization), which has led to significant confusion and delayed the WI progress. If not resolved, i.e., if the Rel-17 inter-cell M-TRP feature does not impose any restriction or make any assumption of the target use cases, then in the designed feature, UE cannot assume network synchronization and network cannot assume UE handling of longer than CP M-TRP signals, and the feature may only be utilized with strong limitations in practical deployment, e.g., only if the network identifies a UE that happens to see inter-cell M-TRP signals within a CP.
RAN1 should strive to reach an agreement/conclusion on the fundamental technical understanding of the target use cases to prevent further delay of the standardization progress and/or a resulting feature practically unusable by network/UE vendors.

Potential alternatives for conclusions/agreements
To make progress, several suggestions were provided before. For one example, Qualcomm and a few companies suggested to separate FR1 and FR2 scenarios. For FR1, the CP length may be sufficiently long compared to existing network synchronization requirements and typical propagation delay differences, and hence the assumption of “within CP” may hold. For FR2, if multiple panels/beams are used by the UE for different TRPs, each panel can process the signal separately, and the M-TRP signals do not have to be within the same CP length. For another example, the feature lead (vivo) suggested a restriction that UE does not expect to receive signals with timing offset beyond CP simultaneously. For yet another example, InterDigital suggested to introduce a UE capability so that complexity will not need to be increased for all UEs. 
The above are summarized below and RAN1 can consider and down-select one or more from the following assumption sets (combinations of the assumption sets are allowed, and there may be some overlap between some items):
· Assumption set A: alternatives based on numerologies/frequency ranges
For each numerology / FR, decide one from the alternatives below:
· i) UE assumes that the inter-cell M-TRP signals are within the CP length;
· ii) UE assumes that the inter-cell M-TRP signals may be beyond the CP length;
· iii) The Rel-17 inter-cell M-TRP feature is not supported.
· Assumption set B: alternatives based on simultaneous reception
· i) UE is not expected to receive inter-cell M-TRP signals beyond the CP length on the same OFDM symbol, but is expected to receive inter-cell M-TRP signals beyond the CP length across different symbols;
· ii) UE is not expected to receive inter-cell M-TRP signals beyond the CP length on the same OFDM symbol or across different symbols;
· iii) UE is expected to receive inter-cell M-TRP signals beyond the CP length on the same OFDM symbol or across different symbols.
· Assumption set C: alternatives based on UE capabilities
· i) Introduce a new UE capability indicating if an inter-cell M-TRP capable UE is also capable of supporting the case of inter-cell M-TRP signals beyond the CP length for at least some numerologies;
· ii) All inter-cell M-TRP capable UEs are also capable of supporting the case of inter-cell M-TRP signals beyond the CP length; 
· iii) An inter-cell M-TRP capable UE is expected to support only the case of inter-cell M-TRP signals within the CP length.
The above assumption sets can be combined. For example, with respect to a FR / numerology, depending on UE capability, some UEs may be able to support A i) only and hence expect B ii) only, some other UEs may be able to support A i) and A ii) but with the restriction of B i), and so on. In the following table, we summarize the combined cases in terms of UE capability (generalized from Assumption set C) and/or UE assumption (generalized from Assumption set B), for FR1 and FR2 separately. If needed, 4 similar cases for each numerology may be considered. Whether the support for a case is specified in the standards as a UE capability or as a UE assumption can be decided later.
[bookmark: _Hlk60833375]Table 1 Combined cases in terms of UE capability/assumption of M-TRP signal receptions shorter/longer than CP on the same OFDM symbol (OS) or different OFDM symbols
	FR1/FR2
	UE capability/assumption

	FR1
	Case 1a: > CP on same/different OS  

	
	Case 1b: < CP on same OS, > CP on different OS  

	
	Case 1c: < CP on same/different OS  

	
	Case 1d: Not supported

	FR2
	Case 2a: > CP on same/different OS  

	
	Case 2b: < CP on same OS, > CP on different OS  

	
	Case 2c: < CP on same/different OS  

	
	Case 2d: Not supported



Rel-17 has to reach agreement/conclusion on at least one of the cases. We have the following proposal for FR1/FR2 (readily generalized to each numerology if needed). As described above, for one FR / numerology, e.g., for FR1, Cases 1a, 1b, and 1c are not mutually exclusive, so one or more of the cases may be supported in Rel-17.
Proposal: For Rel-17 inter-cell multi-TRP enhancement, consider the following UE capability/assumption of M-TRP signal receptions shorter/longer than CP on the same/different OFDM symbol(s) (OS):
· For FR1, make a decision on the following cases:
· Case 1a: > CP on same/different OS  
· Case 1b: < CP on same OS, > CP on different OS  
· Case 1c: < CP on same/different OS  
· Case 1d: Not supported
· For FR2, make a decision on the following cases:
· Case 2a: > CP on same/different OS  
· Case 2b: < CP on same OS, > CP on different OS  
· Case 2c: < CP on same/different OS  
· Case 2d: Not supported

[bookmark: _Ref129681832]Conclusion
In this contribution, we attempted to clarify the network synchronization assumptions for inter-cell multi-TRP operation. The following is proposed for FR1/FR2 (readily generalized to each numerology if needed):
Proposal: For Rel-17 inter-cell multi-TRP enhancement, consider the following UE capability/assumption of M-TRP signal receptions shorter/longer than CP on the same/different OFDM symbol(s) (OS):
· For FR1, make a decision on the following cases:
· Case 1a: > CP on same/different OS  
· Case 1b: < CP on same OS, > CP on different OS  
· Case 1c: < CP on same/different OS  
· Case 1d: Not supported
· For FR2, make a decision on the following cases:
· Case 2a: > CP on same/different OS  
· Case 2b: < CP on same OS, > CP on different OS  
· Case 2c: < CP on same/different OS  
· Case 2d: Not supported
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