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1   Background
Based on the revised WID of NR eMIMO for Rel-16 in RAN#85 [1], there is an objective related to the Multi-TRP enhancement for eMIMO, which are described as follows:
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
Therefore, in this contribution, we at first briefly introduce the agreements from RAN1 and then discuss whether these agreements will have impacts on RAN4 demodulation performance and give our suggestion on which of them needs to be defined performance requirements.
2   Discussion
Multi-TRP is now introduced for reducing the neighbor-cell interference that affects the system throughput much more than the noise. The neighbor-cell interference is brought all because frequency reusing during neighbor cells. The Multi-TRP in Rel-16 is able to bring two improvements, first one is to start considering ideal backhaul and non-ideal backhaul at the same time. The other is to support multi-PDSCH scheduled by multi-DCI combining with single PDSCH scheduled by single DCI that has been adopted in Rel-15. See the illustration of these two scenarios:
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Figure 2.1 Two scenarios of DCI scheduling

In this section, we briefly summarize all the RAN1 agreements on multi-TRP main techniques and give our analysis on whether performance requirement is needed for each characteristics, then provide our suggestion on which of them needs to be define performance requirement in Rel-16.
2.1   Multi-PDSCH scheduled by Multi-DCI
The number of DCI is agreed to 2 after many discussions in Rel-16, and so did the scheduled PDSCH, which means the scenario of 2 DCI schedules 2 PDSCH separately is very important in Rel-16. The main issue brought by multi-DCI scheduled multi-PDSCH is the time-frequency resource allocation. According to RAN1 agreements [2], there are three ways of scheduling that are supported with restrictions in Rel-16 including full, partially and non-overlapping of frequency resource for 2 PDSCH, see the figure below for illustration:
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Figure 2.1-1 Three ways of resource allocation for 2 PDSCH
These three kinds of resource allocation scenario are all agreed to be supported in Rel-16 with several restrictions in scheduling:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 

· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expec3ted to receive multiple PDSCHs simultaneously at given symbols.

· The number of active BWPs for a UE is 1 per CC 
For rate matching, companies have agreed to the agreement that UE shall rate match around configured CRS pattern. For PDSCH comes from different TRP, CRS pattern is configured according to TRPs and rate matching has been achieved on each PDSCH by different TRP. 
From RAN4’s perspective, multi-PDSCH scheduled by multi-DCI is a new characteristic compared to Rel-15 that requires related receiving algorithm from UE side to match, which also brings new time-frequency allocations and new rate matching method so that new performance requirements are very much needed to evaluate its performance and set demodulation requirements in the specification for future references by UE. For three ways of time-frequency resource allocation, the non-overlapping one has few impact on demodulation part since the receiver can just capture two PDSCH data from their specific time-frequency resource location independently. Similarly, the non-overlapping part in partial overlapping one can be demodulated independently and is no different with existing algorithm but only the overlapping part needs to be treated specially. While the demodulation part of full overlapping one will be totally different with existing algorithm. In that case, and considering the workload, we propose to only define performance requirements for full overlapping resource allocation for multi-PDSCH.
Proposal 1: Define new performance requirements for Multi-PDSCH with full overlapped time-frequency resource allocation
2.2   PDCCH enhancement
Multi-PDCCH
For multi-PDCCH in Multi-TRP, one CORESET in a ‘PDCCH config’ corresponds to one TRP, and the maximum number of CORESETs that can be configured with the same TRP has been agreed to be increased to 5, according to UE capability. This change is related to the resource number and the main demodulation procedure is still remain. Similarly, increasing the maximum number of BD/CCE per slot per serving cell is another change and based on that there are some principles and supported features that are listed in [2] but will have few impact on demodulation part. 
Single PDCCH 
This scenario is similar to scheme 1a of Multi-TRP for URLLC, for which the enhancement is related to the TCI indication framework that can be summarized as: 

1. Each TCI code point in a DCI can correspond to 1 or 2 TCI states. 
2. The first TCI state corresponds to the CDM group of first antenna port in antenna mapping table, and the other TCI state corresponds to another CDM group.
There are other agreements like the number of bits of TCI field in DCI and other restrictions according to the [2]. However, these agreements are all related to the enhancement of signalling and have few impact on the performance part. 
In summary, single/multi-PDCCH enhancement is more related to the resource number and signalling, so we propose not to define specific performance for PDCCH for Multi-TRP.
Proposal 2: Not to define any new performance requirements for PDCCH for Multi-TRP
2.3   Multi-TRP for URLLC
Another implementation for Multi-TRP is in URLLC that expecting to improve the reliability of transmission and reduce the signaling time delay. For URLLC scenario, transmitting different versions of the same signal through multiple TRPs can effectively improve the robustness of the signal. Therefore, multi-TRP for URLLC is a very important implementation in Rel-16 as well.
There are 5 schemes in Rel-16 supported by Multi-TRP for URLLC scenario that can be summarized as follows:
· Scheme 1a (SDMA-based)
This scheme is related to space division multiplexing that several TCI states are in the single slot, with overlapped time and frequency resource allocation. Single codeword with one RV is used across all spatial layers or layer sets. The figure below illustrates the procedure of scheme 1a:
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Figure 2.3-1 Scheme 1a

Single/multi-stream transmission is supported and when it is used, MCS can be the same, and each stream set is associated with the same TCI and one single group of DMRS ports.
· Scheme 2a (FDM SchemeA)
Frequency division multiplexing is used for scheme 2a so that in one slot, frequency resource is not overlapped and each of them corresponds to one TCI state (The number of TCI state is 2). Single codeword with one RV is used across full resource allocation. See the illustration for scheme 2a below:
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Figure 2.3-2 Scheme 2a

· Scheme 2b (FDM SchemeB)

The main difference between scheme 2a and 2b is that in scheme 2b, single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Scheme 3 (TDM Scheme A)
This scheme corresponds to the time division multiplexing that in one slot, multiple TCI states can be configured and the resource allocation will not be overlapped in time domain. Each transmission occasion can has the same or different TCI state and RV. All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s). See the figure below for illustration:
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Figure 2.3-3 Scheme 3
· Scheme 4 (TDM Scheme B)
The way of time division multiplexing of scheme 4 is the main difference compared to scheme 3 that TDM is used between slots, which indicates that multiple TCI states are configured in different slots. See the figure below:
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Figure 2.3-4 Scheme 4

All 5 types of scheme have been agreed during RAN1 #97 meeting discussion. Moreover, UE can report its ability to indicate which type of scheme is supported before transmission. 
From RAN4’s perspective, there are 5 schemes correspond 4 typical scenarios for URLLC Multi-TRP are newly agreed and each of them may cause the receiver to adopt different algorithms to demodulate. The data from two TRPs are the same but scheduled by two different DCI, and the QCL from two TRPs are different as well, which may lead to different channel estimation. Just like the multi-PDSCH in 2.1.1, scheme 1a of SDMA-based is more different with existing scenarios than other schemes since other 4 schemes have no overlapping parts in time and frequency domain. Another meaning for defining test cases for scheme 1a is that it is a typical scenario under URLLC compared to the possible test case of multi-PDSCH in eMBB. Moreover, the test metric for URLLC is unique. In that case, the performance requirement for typical scenario(s) in URLLC may needed and we prefer to down select to scheme 1a or scheme 4 for defining requirements considering to reduce the workload. Similarly, time difference of two TRPs also needs to be taken into account. 
Observation1: Whether to define requirements for Muti-TRP in URLLC need to be further discussed since it is similar with the one in eMBB to some extent except the test metric
Observation2: If performance requirements for Multi-TRP in URLLC are needed, then we prefer to down select to scheme 1a or 4 considering to reduce the workload
2.4   Time-frequency offset 

While designing test cases for multi-PDSCH, another issue that we need to consider is the time difference of two TRPs. As agreed in RAN1 #95, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. If we assume single FFT window is used in receiver, the time delay between two data from different TRPs may cause ISI, see the figure below for illustration. First, there is a Data from TRP1 received. Then, there are two possible scenarios for Data from TRP2, and if we choose Data from TRP1 as the first arrived path to determine the FFT window, there will be no loss for possible Data from TRP2 later than TRP1 but ISI loss for the one before TRP1. 
Based on the analysis above, timing offset between two TRPs may have impact on the performance so that it should be carefully considered when designing test cases. One suggestion is to trace back to the work of LTE COMP and in the previous discussions of it, timing offsets can be determined based on the simulation work. Therefore, similar work can be done for clarifying timing offsets for Multi-PDSCH.
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Figure 2.1.4-1 Timing difference for receiving from two TRPs

Similarly, frequency offsets need to be considered as well. When tracing back to LTE COMP, there is a timing error of 0.05ppm for each TRP and 0.1ppm in total. If the central frequency is 3.5GHz, then the frequency offset between two TRPs can be obtained as 350Hz. We suggest to consider it and add this parameter into the future simulation assumptions. 
Proposal 3: Consider the time and frequency offsets of two TRPs in test cases design in Multi-TRP 
3   Proposals
In this contribution, we briefly summarized the RAN1 agreements of UE side for eMIMO and analyzed the impact on RAN4 part. Finally, we give our views on whether or which part needs to be defined performance requirements.
For Multi-TRP enhancement, we propose the following:
Proposal1: Define new performance requirements for Multi-PDSCH with full overlapped time-frequency resource allocation
Proposal2: Not to define any new performance requirements for PDCCH for Multi-TRP
Proposal3: Consider the time and frequency offsets of two TRPs in test cases design in Multi-TRP 
Observation1: Whether to define requirements for Muti-TRP in URLLC need to be further discussed since it is similar with the one in eMBB to some extent except the test metric
Observation2: If performance requirements for Multi-TRP in URLLC are needed, then we prefer to down select to scheme 1a or 4 considering to reduce the workload
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