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1   Background
After RAN4 #95-e meeting, Way forward [1] carried all the agreement related to the PDSCH of Multi-TRP test parameter configurations was agreed. Besides those agreements, there are still many open issues that need to be discussed. 
In this contribution, we would like to discuss those open issues related to the PDSCH requirements of Multi-TRP. The discussion will cover the test scope of PDSCH requirements, general test setup, and parameter configuration for multi/single-DCI scheduled PDSCH.
2   Discussion
2.1   Test scope
For test scope, companies have reached agreements in the previous meeting to define FR1 PDSCH requirements for multi/single-DCI of eMBB. Thus, in this section, we will mainly focus on the discussion on the need of defining requirements for FR2 and Multi-TRP URLLC.
2.1.1   PDSCH requirements for multi-TRP URLLC
For Multi-TRP URLLC, there are several candidate options left in the agreed Way forward [1]:

	· Whether to define requirements for single DCI-based multi-TRP/Panel URLLC schemes

· Option 1: Not need to define
· Option 2a: Yes, for schemes 2a, 2b, 3 and 4
· Option 2b: Yes, only for one scheme from FDM schemes and one from TDM schemes


At the very beginning, we would like to clarify why it is introduced and defined into the topic of Multi-TRP. In real network, there might be a scenario that in sometime reliability is the most important consideration in the transmission. At that time, Multi-TRP can be used for transmitting two revision of one signal to improve the robustness significantly. Thus, several transmission schemes including 1a(SDM), 2a(FDM), 2b(FDM), 3(FDM), 4(FDM) are defined for reaching that purpose. 
If we could look at the previous agreement of Multi-TRP, single-DCI scheduled PDSCH requirement has been agreed to be introduced, and the type of resource allocation is agreed to be the full-overlapping, which is almost the same with so called URLLC scheme 1a. 
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Figure 2.1.1-1 Scheme 1a for Multi-TRP URLLC
Since the full-overlapping resource allocation is binding with single-DCI scheduled PDSCH (eMBB), supporting it by one UE will indicate a support of scheme 1a because of the same transmitting procedure. In this case, a UE that supports single-DCI scheduled PDSCH in eMBB can be treated as at least supporting and verified scheme 1a. 
On the other side, as we analyzed before, scheme SDM and FDM are very much the same as single-DCI and multi-DCI scheduled PDSCH in eMBB. Thus, it is not realistic that one can only support those schemes of Multi-TRP URLLC yet not support that in eMBB. 
We observed that each scheme for Multi-TRP URLLC is a separate feature in UE feature list. RAN1 has to leave all the possible mandatary and optional features on the list, and yet it is not necessary for RAN4 to define requirement for each of them. It is much like the scenario that one can only support rank 3/4 or L = 6 for enhanced Type II codebook but no such test cases and requirements are defined. 
RAN4 is supposed to carefully select from the feature list and to make choices on which feature is necessary for testing. Sometimes even try to cover more feature in one test case. The way of selecting based on two main reasons, which are mentioned as a common understanding: different UE behavior and significant gain. 

Based on the previous analysis from different companies, there is no specific new UE behavior compared to Multi-TRP eMBB and part of features in Rel-15 URLLC, even harder to find the gain. Thus, RAN4 has no solid reason for defining requirements for those URLLC schemes. 
As for the other aspects mentioned in last RAN4 meeting, one is related to the CDM group. For multi-DCI and single-DCI scenario in eMBB, there can be two CDM group for each TCI state. While for Multi-TRP URLLC, indicated DMRS ports are from one CDM group. But this difference has no impact on demodulation performance. Another thing is TB Size, which indicates that maximum TB Size for scheme 2a and 2b as a UE capability, and yet no special behaviour but possible smaller TB Size than other schemes or Multi-TRP for eMBB. For the aspect of non-synchronized transmission with TO/FO of scheme 3 and 4, we are not sure about the meaning of defining requirements for them, since they have the same UE processing way as Rel-15 URLLC slot aggregation (with existed performance requirements) and mini-slot, yet with more complicated procedure: dealing with FO/TO. We think it is not proper to verify the ability of dealing FO/TO here. 
In addition, CW combination and repetition mentioned before cannot be considered as a valid reason for defining requirements, as ‘CW combination’ has been covered well in multi/single-DCI PDSCH (eMBB) and ‘Number of repetition’ is nothing new.

Based on the analysis above, we cannot find a valid reason for defining specific performance requirements for Multi-TRP URLLC. Therefore, we propose not to define any test case for single-DCI based multi-panel/TRP transmission schemes (URLLC).
Proposal 1: Not to define any test case for single-DCI based multi-panel/TRP transmission schemes (URLLC)
2.1.2   FR2 requirements
During last RAN4 meeting, companies shared different views on the possibility of defining test cases for FR2. According to the agreed Way forward [1], candidate options are:

	· Necessity of introducing test case(s) for multi-panel/TRP transmission schemes in FR2
· Option 1: No 
· Option 2: Do not define FR2 requirements for simultaneous reception from multi-TRP/Panel (eMBB) and Study testability for FR2 single-DCI based multi-TRP schemes 3 and 4 
· Option 3: Further discuss technical details and relevance of single wide Rx beam reception in FR2


Based on the RRM and RF requirements in Rel-16, it is clear that there will be 1 Rx beam for UE receiving. Thus, two proposed solutions in last meeting, which is candidate option 2 and 3, left us space for investigation. 
After study, we think that firstly, single wide Rx beam reception might have problem with the reception angle. While UE is moving at the middle of two TRPs, it is difficult for allocating two beams from different TRPs into one wide beam, especially when the distance or angle between two TRPs are wide. Secondly, non-simultaneous reception like TDM for scheme 3 or 4 requires UE to switch its beam at some time interval. Meanwhile, switching delay needs to be considered seriously. Maybe in future release when multi-beam reception is not a restriction then bring FR2 into test case is a more proper way. 

Beside, companies have not yet reached a consensus on whether to test scheme 3 and 4. 

Thus, based on the analysis above, we propose not to define any FR2 test cases for multi-panel/TRP transmission in Rel-16. 
Proposal 2: Not to define any FR2 test cases for multi-panel/TRP transmission in Rel-16
2.2   General test setup
Several issues left open for general test setup for PDSCH requirements, including reference for timing/frequency offset, baseline receiver assumption for FFT window timing, timing offset configuration and finally the TRS/CSI-RS colliding. 
2.2.1   Reference for timing offset/frequency offset

Reference for timing and frequency offset is very important since it to some extent decides which the TRP1 is. Candidate option from last meeting is:

	· Option 1: 

· Using TP which carry on SSB transmission with default TCI state #0 as the reference TP (TP1) 

· Timing offset = time offset among TP2 and TP1

· Frequency offset  = frequency offset among TP2 and TP1


In our view, we agree part of this option. From the very beginning, it is straightforward to take TCI state #0 as the reference TP (TRP1). But after a while, when switching happened, then it is not clear how to get the new reference TP at that time.
Observation 1: Taking TCI state #0 as the reference TP (TRP1) is not strictly clear especially when switching happened. 
2.2.2   Baseline receiver assumption for FFT window timing

This issue is connected to the previous discussion on reference TP. 

Receiver assumption for FFT window timing is the main factor that impacts the existence of negative timing offset. According to the LTE deployment mentioned in last meeting, there are three possible ways:
	· Baseline receiver assumption for FFT window timing

· Option 1: Assuming UE always fix FFT timing based on TCI state #0 (TP1) as baseline assumption to define RAN4 performance requirements

· Option 2: FFT timing based on TRP with the highest RSRP on sync signals + fixed timing shift

· Option 3: FFT timing based on nearest TRP


As the UE has the possibility of moving, switching could happen during transmission. Thus, option 1 still cannot provide a strict basis for judgement. In our view, we at this point slightly prefer option 2, as it provides more strict condition for deciding the reference TRP and receiver assumption. Option 2 can be applied combining with option1, which means that we could always set TRP with the highest RSRP to TCI state #0 (TRP1) even if switching happens. 
Proposal 3: FFT timing based on TRP with the highest RSRP on sync signals + fixed timing shift
2.2.3   Timing offset configuration
Regarding to the timing offset configuration, companies have different views on the value selection and whether to scale the value with SCS. Candidate options captured through agreed Way forward [1]:
	· Timing offset values
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 = 2μs 
· Option 3: FFS on Introducing timing offset which scaled with SCS ∆t=2^(−μ) ∆t1, Candidate values for simulation purpose: {-1, -0.5, 1, 3}


Time offset issue is connected to the reference TP and receiver assumption. Based on the analysis above, we propose to set TRP with the highest RSRP to TCI state #0 (TRP1). Under this condition, negative timing offset is unnecessary for consideration. 

In our view, timing offset value can be scaled by SCS. When considering different SCS, e.g. 15 SCS and 30 SCS, the symbol length is scaled by SCS. If we agree on one timing offset value for 15 SCS, there will be no impact if we scale the value by SCS with same timing offset compensation. 

Proposal 4: Setting timing offset by scaled with SCS

While among those candidate timing offset values, we think that there is rather limit difference on performance if we are doing compensation well. For specific value, we prefer 2us for testing. 
Proposal 5: Using only 2us for timing offset value
2.2.4   TRS/CSI-RS colliding

TRS/CSI-RS for two TRPs can be configured in the same symbol same position, which means colliding, in transmission. With this configuration, RS overhead might be reduced and save resources for PDSCH transmission. However, this colliding will impact the time/frequency offset estimation and subsequent compensation, or even CSI feedback that leads to significant performance degradation that cannot be ignored. 
In realistic scenario, and for some specific need, colliding configuration in network will be applied to get RS overhead reduced or other advantages in sacrificing the throughput. While in the testing of multi-TRP, which mainly focuses on the performance (throughput), configuring colliding TRS/CSI-RS will have no good on verifying the feature. 
Therefore, we propose not to configure TRS/CSI-RS colliding in multi-panel/TRP transmission test cases.
Proposal 6: Not to configure TRS/CSI-RS colliding in multi-panel/TRP transmission test cases
2.3   Multi-DCI scheduled PDSCH
In this section, we are going to share our views on left open issues of multi-DCI scheduled PDSCH. 
2.3.1   Resource allocation

Regarding to the resource allocation for multi-DCI scheduled PDSCH, it was left open by the end of last meeting. In the last meeting, companies decided to wait for the RAN1 feature list to finalize. According to the latest RAN1 UE feature list [], supporting non-overlapping in frequency is basic and mandatory capability if a UE declares to support multi-DCI based multi-TRP. For fully overlapping and partially overlapping, each of them is a separate optional UE capability that needs to be declared additionally to support even if UE supports multi-DCI based multi-TRP. 
Another thing is that companies agreed to introduce test case(s) for single-DCI based multi-TRP with fully overlapping resource allocation. Thus, full-overlapping can be evaluated. And if we also define test cases with fully overlapping in multi-DCI based PDSCH, then there might be repetitive works.
Based on that, we propose to define multi-DCI based PDSCH test cases with only non-overlapping for resource allocation. 

Proposal 7: Define multi-DCI based PDSCH test cases with only non-overlapping for resource allocation
2.3.2   Antenna configuration

As for the antenna configuration, there are two candidate options:
	· PDSCH configuration for each TRP
· Antenna configuration: 

· Option1: Only 2T2R, 2T4R 

· Option2: Both 2T2R, 2T4R and 4T2R, 4T4R 


We have analyzed the possibility of defining test cases for 4 Tx. Since it is agreed that there are only two layers used for one TRP transmission, we agree that 2 Tx for testing is enough. Thus, we are ok with option 1. 

Proposal 8: Only use 2T2R, 2T4R for antenna configuration
2.3.3   Number of test cases

Another issue is the number of test cases. There is only one candidate option: 
	· Number of test cases
· Option1: 3 test cases per duplex mode 
· Test 2a Multi- DCI with frequency offset and Non-overlapping scheduling 

· Test 2b Multi DCI with positive time offset and Non-overlapping scheduling

· Test 2c Multi DCI with negative time offset and overlapping scheduling

· Other options are not preclude


Since this issue is strictly connected to the results of timing/frequency offset discussion, we here give our views based on our proposed timing offset value. 

Option 1 lists three test cases that contain frequency offset, positive timing offset and negative timing offset respectively. First of all, we think that overlapping scheduling is covered by single-DCI PDSCH requirements. Thus, it is not necessary for testing it in Multi-DCI scheduled PDSCH test cases. Secondly, as we discussed above in sub-section 2.2.1, we propose to consider only positive timing offset and only one specific value. In this case, we think two test cases of Test 2a and 2b are enough for verifying necessary features, which is what we proposed for option 2. Another proposed option 3 is to cover positive timing offset and frequency offset in one test case, which is a more efficient way for testing. Anyway, we are open for the discussion on how to cover more features in limited test cases by a reasonable way. 
Proposal 9: Propose option 2 and option 3 for the number of test cases for multi-DCI scheduled PDSCH requirements:

· Option 2: 

· Test 1 Multi- DCI with frequency offset and Non-overlapping scheduling 

· Test 2 Multi DCI with positive time offset and Non-overlapping scheduling

·  Option 3: 

· Test 1 Multi- DCI with frequency offset, positive time offset and Non-overlapping scheduling

2.4   Single-DCI scheduled PDSCH (eMBB)
2.4.1   Number of test cases
For the number of test cases for single-DCI scheduled PDSCH, same consideration as sub-section 2.3.3. 

Candidate options are:

	· Number of test cases

· Option 1: 3 test cases per duplex mode  
· Test 1a Single DCI with frequency offset and overlapping scheduling 

· Test 1b Single DCI with positive time offset and overlapping scheduling

· Test 1c Single DCI with negative time offset and overlapping scheduling

· Other options are not preclude


We propose to test only frequency offset and positive time offset. Meanwhile, the value of time offset could be different from that in 2.3.3 in order to extend the test range. 
Proposal 10: Propose option 2 and option 3 for the number of test cases for multi-DCI scheduled PDSCH requirements:
· Option 2: 

· Test 1 Single-DCI with frequency offset and overlapping scheduling 

· Test 2 Single-DCI with positive time offset and overlapping scheduling

·  Option 3: 

· Test 1 Single-DCI with frequency offset, positive time offset and overlapping scheduling
3   Proposals
In this contribution, we first share our views on the test scope for Multi-TRP. Then we discuss the general test setup including the reference TP, receiver assumption and timing offset. Finally, we discuss the parameter and test case number for multi-DCI and single-DCI PDSCH respectively. 
Based on the analysis above, we propose the following:

Proposal 1: Not to define any test case for single-DCI based multi-panel/TRP transmission schemes (URLLC)
Proposal 2: Not to define any FR2 test cases for multi-panel/TRP transmission
Proposal 3: FFT timing based on TRP with the highest RSRP on sync signals + fixed timing shift
Proposal 4: Setting timing offset by scaled with SCS
Proposal 5: Using only 2us for timing offset value
Proposal 6: Not to configure TRS/CSI-RS colliding in multi-panel/TRP transmission test cases
Proposal 7: Define multi-DCI based PDSCH test cases with only non-overlapping for resource allocation
Proposal 8: Only use 2T2R, 2T4R for antenna configuration
Proposal 9: Propose option 2 and option 3 for the number of test cases for multi-DCI scheduled PDSCH requirements:

· Option 2: 

· Test 1 Multi- DCI with frequency offset and Non-overlapping scheduling 

· Test 2 Multi DCI with positive time offset and Non-overlapping scheduling

·  Option 3: 

· Test 1 Multi- DCI with frequency offset, positive time offset and Non-overlapping scheduling

Proposal 10: Propose option 2 and option 3 for the number of test cases for multi-DCI scheduled PDSCH requirements:
· Option 2: 

· Test 1 Single-DCI with frequency offset and overlapping scheduling 

· Test 2 Single-DCI with positive time offset and overlapping scheduling

·  Option 3: 

· Test 1 Single-DCI with frequency offset, positive time offset and overlapping scheduling
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