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Introduction
In RAN4#104bis-e, further discussion on the Rel-18 WI for FR2 multi-Rx chain DL reception has been done, outcome about RF requirements can be found in the approved WF [1]. According to the work split, for other topics, e.g. system parameter assumptions, UE capabilities and test setup, were captured in WF [2]. In this contribution, we would like to share our views on the remaining FFS points considering the above conclusions. 
Discussion
On whether and how to consider single-DCI and multi-DCI together
In the last meeting, the following agreement on the pre-requisites has been agreed:
	For UEs supporting single DCI, assume the following set of UE capabilities as pre-requisites:
· Support of simultaneousReceptionDiffTypeD-r16
· Support of singleDCI-SDM-scheme-r16
· Support of 4L DL MIMO 
For UEs supporting multi-DCIs, assume the following set of UE capabilities as pre-requisites:
· Support of simultaneousReceptionDiffTypeD-r16
· Support of multiDCI-MultiTRP-r16
· Support of 4L DL MIMO


While we think this is a good clarification about what kind of assumption especially for UE baseband capability should be applied for the discussion about the RF requirements, further clarification is needed since eventually the new RF requirement could still be defined based on EIS, which is using the throughputs on DL RMC as metric.
As a start, we can review the RAN1 previous conclusions in Rel-16 for better clarification on this issue. Following agreement is cited from RAN1 discussion for convenience. 
	Agreement
To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 
·         Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
§  Scheme 1a:  
·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
·         Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
§  Scheme 1b: 
·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
·         Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
·         FFS: codeword-to-layer mapping when total number of layers <= 4
§  Scheme 1c: 
·         One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
§  Applying different MCS/modulation orders for different layers or layer sets can be discussed.
·         Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
§  Each non-overlapped frequency resource allocation is associated with one TCI state.
§  Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
§  Scheme 2a: 
·         Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
§  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.
§  Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
§  Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index
Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed


What can be observed is that single-DCI based TDM and FDM schemes have been studied especially for URLLC, for which reliability/robustness enhancements shall be pursued. As for the multi-DCI scheme, there doesn’t seem to be a clear limitation for either eMBB or URLLC. 
Observation 1: The Rel-16 single-DCI based TDM and FDM schemes were studied and introduced for URLLC scenario.
According to the objective of this WI, PC3 UE is the top priority, thus we think RAN4 may not need to consider how to define RF requirements based on those RAN1 schemes targeting for URLLC scenario.
Observation 2: From RAN4 perspective, those Rel-16 multi-TRP schemes that were introduced for URLLC scenario seem no need to be considered for the RF requirements.
As for the remaining schemes which are labelled as UE feature 16-2a and 16-2b-2, we think the decisive factor of whether to consider them for one set of requirement is that whether the RF implementation and baseband capability can be the same. Thus, we have the following proposal. 
Proposal 1: If the RF architecture and baseband capability for PDSCH reception and demodulation can be the same for the UE supports either single-DCI based SDM scheme or multi-DCI scheme, RAN4 can consider to define one set of RF requirements.
On relation between testing and core requirement
In the last meeting, the following agreement has been achieved.
	· Requirement discussions need to consider testability issue so that the defined requirement can be properly verified.


We understand that the concern from TE vendors are reasonable and somehow should be considered. But in principle, it should be clarified that the test design normally serves for the verification of RF requirements, rather than introduce constrains on the derivation of RF requirements. Since the “full set AoA1+full set AoA2” has already been out of the candidates, it is reasonable to discuss the feasibility of a test setup scheme from RF requirement verification perspective first, but we don’t have the intention to exclude any concern from testability perspective.
Observation 3: For a test setup scheme, it is reasonable to consider form RF requirement verification perspective first while any other concern from testability perspective can also be considered. Because in principle the test design normally serves for the verification of RF requirements, rather than introduce constrains on the derivation of RF requirements.
On the system assumption
As we have analyzed before, the main purpose of multi-TRP operation is to improve the performance of cell-edge users. Considering real cellular network deployment, the angular offset between two AoAs would be large and good channel condition, e.g. low spatial dependence between two TRP-UE links, can be expected.
Observation 4: The cell-edge would be the most beneficial UE location for multi-TRP operation and the angular offset between two AoAs would be large considering real cellular network deployment.     
Angular offset between two AoAs
In last meeting, two options have been discussed for how to deal with small AoA separation.
	Option 1: The requirements for FR2 multi-RX chain DL do not apply when angle separation smaller than a minimum threshold.
Option 2: The RF requirement for any AoA pair is defined with assumption that TRP1 uses  polarization when TRP2 uses  polarization and vice-versa (and are the angular coordinates of the test system grid). 


So we prefer Option 1 as it fits the beneficial scenario for multi-TRP operation quite well and small AoA separation shall be precluded. But the actual value of the minimum threshold could be further studied.
Proposal 2: The requirements for 2 AoAs simultaneous DL reception do not apply when angle separation between 2 AoAs is smaller than a minimum threshold.
· The minimum threshold shall be derived based on the most beneficial scenarios for multi-TRP operation, i.e. cell-edge. 
Reception power imbalance between the DL signals from 2 AoAs
Apart from the AoA separation issue, the reception power imbalance between two AoA also needs to be studied.
	Way Forward:  Further study the power imbalance together with how to specify 2AoA sensitivity


As we all know, the reception power of one TRP-UE link can be jointly impacted by the pass loss and the antenna gain. For a cell-edge UE, the pass loss for one LOS link between TRP and UE can be comparable to another and the similar antenna gain can be expected. But the antenna gain could be changed due to the changed UE orientation. The worse simultaneous DL reception performance can be expected since the imbalance cannot be ignored or the reception power on any of two directions is low.   
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Figure 1 Reception power imbalance only due to the changed UE orientation (changed orientation)
In last meeting, one solution has been proposed that “the TE can search for the balanced sensitivity condition by moving the DL powers for the two TRPs up and down in unison while preserving the offset”. From our understanding, this could be a straightforward solution for multi-DCI based scheme, since the throughputs can be counted for the DL transmission from each TRP. But for single-DCI based scheme, the throughputs cannot be directly counted for each TRP thanks to there is only one TB. For this situation, we think L1-RSRP and/or L1-SINR measurements can be used here, but whether those measurements can directly reflect the balanced SINR between two layers should be further studied.    
Observation 5: For multi-DCI based scheme, the throughputs of each TB can be used for searching the balanced SNR condition of each AoA. For single-DCI based scheme, using L1-RSRP and/or L1-SINR measurements can be considered as a start.
Although the RF requirements would follow the implementation agnostic principle and accommodate for different type of UE implementation, we think it is reasonable to introduce a minimum threshold for the aforementioned imbalance. Because the capability imbalance of each panel should not be too great, otherwise too much compensation from TE have to be introduced and the test result needs to be dropped.
Proposal 3: For the requirements for 2 AoAs simultaneous DL reception, a minimum threshold for the reception power imbalance between two AoAs can be considered as a side condition.  
Further consideration on requirements for simultaneous DL reception from two AoAs
The possible form of the requirements for simultaneous DL reception from 2 AoAs have been discussed for the last two meetings, during which the relationship between the new requirements and the legacy EIS spherical coverage seems to be a focus.
First of all, we think the new requirement should be defined from spherical coverage perspective to verify the UE capability on maintaining 2 AoAs simultaneous reception capability.
Proposal 4: Consider the new requirement for 2 AoAs simultaneous DL reception only from spherical coverage perspective.
But, we think for a UE the performance of 2 AoAs simultaneous reception and legacy EIS spherical coverage may not be necessarily proportional. Following figure is presented for better explanation.
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Figure 2 Different receiving performance for the AoA pair with the same angular offset
From spherical coverage perspective, the type of UE in the right of Figure 2 can achieve better spherical coverage performance than the left one due to the fact that the uncovered area around the whole sphere is smaller. But as a trade-off, the receiving performance for an AoA pair with a certain angular offset could be different for the aforementioned two types of UE.
Observation 6: For a UE the performance of 2 AoAs simultaneous reception and legacy EIS spherical coverage may not be necessarily proportional.
As a result, if EIS spherical coverage manner, i.e., YdBm EIS at M%-percentile CCDF, will still be used for the new requirement, we think for PC3 the following combination of Y and M should be discussed as a start:
· The value of Y can be the same or worse than it is for legacy EIS spherical coverage requirement.
· The value of M should be smaller than 50.
So this means the ratio of qualified test points, where the UE can achieve EIS performance not worse than YdBm, over the whole sphere is M%. 
Proposal 5: Consider to define the new spherical coverage requirements for 2 AoAs simultaneous reception for PC3 UE as “the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%”.
· The value of Y can be the same or worse than it is for legacy EIS spherical coverage requirement for PC3 UE.
· The value of M should be smaller than 50.
Besides, it should be clarified that the collection of those qualified test points should be independent to the test points that can satisfy the legacy EIS spherical coverage requirements. In other words, the two sets of test points which can satisfy different requirements are independent. 
Proposal 6: The two sets of test points which can satisfy new requirements for 2 AoAs simultaneous reception or legacy EIS spherical coverage respectively are independent.
Conclusion
In this contribution we discussed on the WI for FR2 multi-Rx chain DL reception. According to the analysis, we have the following observations and proposals: 
Observation 1: The Rel-16 single-DCI based TDM and FDM schemes were studied and introduced for URLLC scenario.
Observation 2: From RAN4 perspective, those Rel-16 multi-TRP schemes that were introduced for URLLC scenario seem no need to be considered for the RF requirements.
Observation 3: For a test setup scheme, it is reasonable to consider form RF requirement verification perspective first while any other concern from testability perspective can also be considered. Because in principle the test design normally serves for the verification of RF requirements, rather than introduce constrains on the derivation of RF requirements.
Observation 4: The cell-edge would be the most beneficial UE location for multi-TRP operation and the angular offset between two AoAs would be large considering real cellular network deployment.
Observation 5: For multi-DCI based scheme, the throughputs of each TB can be used for searching the balanced SNR condition of each AoA. For single-DCI based scheme, using L1-RSRP and/or L1-SINR measurements can be considered as a start.
Observation 6: For a UE the performance of 2 AoAs simultaneous reception and legacy EIS spherical coverage may not be necessarily proportional.
[bookmark: _GoBack]Proposal 1: If the RF architecture and baseband capability for PDSCH reception and demodulation can be the same for the UE supports either single-DCI based SDM scheme or multi-DCI scheme, RAN4 can consider to define one set of RF requirements.
Proposal 2: The requirements for 2 AoAs simultaneous DL reception do not apply when angle separation between 2 AoAs is smaller than a minimum threshold.
· The minimum threshold shall be derived based on the most beneficial scenarios for multi-TRP operation, i.e. cell-edge. 
Proposal 3: For the requirements for 2 AoAs simultaneous DL reception, a minimum threshold for the reception power imbalance between two AoAs can be considered as a side condition.  
Proposal 4: Consider the new requirement for 2 AoAs simultaneous DL reception only from spherical coverage perspective.
Proposal 5: Consider to define the new spherical coverage requirements for 2 AoAs simultaneous reception for PC3 UE as “the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%”.
· The value of Y can be the same or worse than it is for legacy EIS spherical coverage requirement for PC3 UE.
· The value of M should be smaller than 50.
Proposal 6: The two sets of test points which can satisfy new requirements for 2 AoAs simultaneous reception or legacy EIS spherical coverage respectively are independent.
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