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1	Introduction
RAN4 starts the performance part of NR eMIMO WI from this meeting. We show our view on the UE demodulation requirements for NR eMIMO WI. 
2	Discussion
2.1	Impact to UE demodulation requirements
NR eMIMO consists of several objectives as listed in the WID [1]. This section provides our view on the UE demodulation requirement impact due to the eMIMO WI. 
Enhancements on MU-MIMO support
For this objective, RAN1 specified the new PMI type II codebook considering especially 1) overhead reduction (fewer number of bits to report PMI type-II codebook), 2) supporting up to 4 layers, and 3) reporting finer PMI granularity in the frequency domain. RAN4 needs new PMI reporting tests due to the new type-II PMI codebook but it should be discussed in another agenda.
Enhancements on multi-TRP/panel transmission with both ideal and non-ideal backhaul
For this objective, RAN1 introduced 1) multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, and 2) Multi-TRP specification support for URLLC. The first feature requires UE to receive two PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. As RAN4 has already discussed this feature in WI NR HST, RAN4 can define new PDCCH/PDSCH demodulation requirements considering the multi-TRP transmission. The second feature supports to transmit the same PDSCH transport block from two TRPs, where PDSCH is transmitted in different frequency domain (FDM), different timing (TDM), or different layer (SDM). RAN4 can also define new PDSCH demodulation requirements for this feature. 
Enhancements on multi-beam operation, primarily targeting FR2 operation
This objective includes 1) the beam failure recovery for SCell, 2) L1-SINR reporting, and 3) DL/UL beam indication with reduced latency and overhead. This objective affects to RRM requirements and RAN4 has already discussed the necessary requirements in RRM part. 
Specify DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers
RAN1 defied new DMRS sequences for low PAPR for both uplink and downlink. However we don’t think RAN4 need to define new PDSCH demodulation requirements with a new DMRS sequence. 
Observation: ‘Multi-TRP/panel transmission with both ideal and non-ideal backhaul’ is the only objective which needs to define new UE demodulation requirements.
2.2	UE demodulation requirements with multi-TRP/panel transmission
2.2.1	Multi-PDCCH based multi-TRP PDSCH transmission
As we discussed in the previous section, RAN4 has already discussed this feature in NR HST WI, and RAN4#93 agreed that [2]: 
	Further study feasibility and performance benefits of transmission scheme 2 when its details are finalized by RAN1. 



RAN1 studied this feature to improve the performance for eMBB scenario and it is not necessarily ‘high speed train’ scenario. This means this feature is also applicable for low UE speed scenario and/or FR2 although NR HST WI assumes the carrier frequency up to 3.6GHz. We propose to define new PDCCH/PDSCH demodulation requirements for the multi-PDCCH based multi-TRP PDSCH transmission in the Rel-16 eMIMO WI performance part.
Proposal 1: RAN4 defines new PDCCH/PDSCH demodulation requirements for the multi-PDCCH based multi-TRP PDSCH transmission in the Rel-16 eMIMO WI performance part. 
According to RAN1 agreements, 
· PDCCH 0 is transmitted from TRP0 in CORESET pool index 0; PDCCH 1 is transmitted from TRP1 in CORESET pool index 1. 
· For multiple PDCCH based Non-coherent joint transmission (NC-JT), the UE may be scheduled with fully-overlapping, partially-overlapping, or non-overlapping PDSCHs in frequency.
· The two received PDSCH must have their associated DMRS that are in the same OFDM symbol(s) but the DMRS for two PDSCH use different DMRS CDM groups. 
· UE sends CSI feedback per TRP, i.e., UE estimates CSI for each TRP individually, if the CSI-RS resource is configured per TRP. 
· The PDSCH scrambling can be configured differently for the two PDSCHs
Figure 1 shows an example of test setup for multi-DCH based multi-TRP transmission. For the time/frequency tracking, it is also required to configure TRS for each TRP since RAN1 design assumes different TCI states for two TRPs. 


[bookmark: _Ref32438829]Figure 1	Example of test configuration for multi-DCI based multi-TRP transmission.
For the reliable PDCCH decoding, we prefer to configure that CORESET pool index 0 is not overlapped with CORESET pool index 1, e.g., PDCCH 0 is transmitted in OFDM symbol 0 and PDCCH 1 is transmitted in OFDM symbol 1. Then we can schedule two PDSCHs in the remaining region either fully overlapped, partially overlapped or non-overlapped in frequency. To ensure that the DMRS of the two PDSCH overlap, the start symbol and duration of the two PDSCHs can be the same, the same DMRS configuration can be used while the first PDSCH use the DMRS ports in CDM group λ=0 and the second PDSCH use the DMRS ports in CDM group λ=1. Moreover, the two PDSCHs can be configured different data scrambling. 
Figure 2 shows an example of scheduling of two PDCCHs and PDSCHs from two TRPs.


[bookmark: _Ref32441660]Figure 2	Example of scheduling of two PDCCHs and PDSCHs from two TRPs. 
When we discuss the test setup for multi-TRP transmission scenario, it is important to discuss how to configure TRS (NZP CSI-RS for tracking) and NZP CSI-RS for CSI acquisition. Since UE needs to track two TRPs, TE should configure TRSs and CSI-RSs for each TRP. RAN1 also assumes the TCI states are different, one per received PDSCH. 
From the network deployment point of view, it is also important how to reduce the overhead as much as possible to maximize the user data throughput. Suppose the gNB configures NZP CSI-RS in the different OFDM symbols (or different slots) for each TRP. If gNB does not configure ZP CSI-CS in the OFDM symbols where they are used by NZP CSI-RS in another TRP, it results in the significant interference from the NZP CSI-RS to PDSCH at low load condition. On the other hand, if gNB configures ZP CSI-RS on the OFDM symbols where they are used by NZP CSI-RS in another TRP, it results in the very large overhead. Note it is more severe in FR2 because it can configure more than 100 NZP CSI-RS resources. 
[bookmark: _GoBack]In the real network, there will be always be collisions of TRSs/CSI-RSs. When we look RAN1 specification, there are not so many CSI-RS/TRS configurations in frequency domain. One can say gNB can schedule TRS/CSI-RS in the different slot per TRP/cell, however, most likely all the gNBs are scheduled to transmit TRS/CSI-RS in the same slot number. Moreover TDD network is mandated the synchronization operations in most countries, which means gNB transmits TRS/CSI-RS in the same OFDM symbols in the same timing. Even if the operators try to avoid the TRS/CSI-RS collision at the initial NR network planning, they may need to add more gNBs later in the high traffic area. In this case. It is impossible to avoid the TRS/CSI-RS colliding. Therefore it is very important to ensure that UE works in the configuration TRSs/CSI-RSs are collided between TRPs/cells, i.e., two TRSs are transmitted on the same OFDM symbols between two TRPs/cells and also two CSI-RSs for CSI acquisition are transmitted on the same OFDM symbols between two TRPs/cells. 
There are several other benefits for an operator of configuring colliding, or overlapping, NZP CSI-RS for CSI acquisition and for tracking, these are elaborated in [3] 
Proposal 2: If RAN4 is going to define new PDCCH/PDSCH demodulation requirements for the multi-DCI based multi TRP transmission, verify at least the cases that PDSCHs are fully overlapped and PDSCHs are not overlapped.
Proposal 3: If RAN4 is going to define new PDCCH/PDSCH demodulation requirements for the multi-DCI based multi TRP transmission, RAN4 should consider the scenario that the TRSs/CSI-RSs collide between 2 TRPs. 
2.2.2	Reliable PDSCH transmission with multi-TRP
RAN1 introduced several options to support the reliable PDSCH transmission with multi-TRP, such as SDM/TDM/FDM-based PDSCH transmission from two TRPs. RAN4 need first to discuss whether to define new PDSCH demodulation requirements for reliable PDSCH transmission with multi-TRP, and if RAN4 agree to define the new PDSCH demodulation requirements, RAN4 need to decide which transmission method to be configured. 
Proposal 4: RAN4 should discuss whether to define new PDSCH demodulation requirements for reliable PDSCH transmission with multi-TRP.
3	Summary
Observation: ‘Multi-TRP/panel transmission with both ideal and non-ideal backhaul’ is the only objective which needs to define new UE demodulation requirements.
Proposal 1: RAN4 defines new PDCCH/PDSCH demodulation requirements for the multi-PDCCH based multi-TRP PDSCH transmission in the Rel-16 eMIMO WI performance part. 
Proposal 2: If RAN4 is going to define new PDCCH/PDSCH demodulation requirements for the multi-DCI based multi TRP transmission, verify at least the cases that PDSCHs are fully overlapped and PDSCHs are not overlapped.
Proposal 3: If RAN4 is going to define new PDCCH/PDSCH demodulation requirements for the multi-DCI based multi TRP transmission, RAN4 should consider the scenario that the TRSs/CSI-RSs collide between 2 TRPs. 
Proposal 4: RAN4 should discuss whether to define new PDSCH demodulation requirements for reliable PDSCH transmission with multi-TRP.
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