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[bookmark: _Toc116995841]Introduction
[bookmark: _Hlk127426389]In this contribution, we will describe our views on important aspects in demodulation for Multi-TRP (mTRP) Multi-Rx (mRx) feature. We build our views based on the objectives described in WID [1], in which the focus will be on the UE demodulation requirements.  
The objectives described in WID [1] are of two parts, namely, SI or Core part WI or Testing part:[1] 

	4.1	Objective of SI or Core part WI or Testing part WI
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· [bookmark: _Hlk104922953]Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

NOTE:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.



and performance part:

	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· RRM Performance requirements and test cases corresponding to the new core requirements
· RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused
· UE demodulation requirements:
· Specify performance requirements for enhanced FR2-1 UEs supporting up to 4 DL MIMO layers with dual TCI with different QCL typeD on a single component carrier.
· Demod requirements on up to 4 DL MIMO layers
· [bookmark: _Hlk126666425]CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook
· Extension of requirements to cover intra-band CA can be considered after the single carrier requirements are defined

NOTE:
[bookmark: _Hlk126679682]− For the dual-TCI demodulation requirement case, focus on UEs supporting “simultaneousReceptionDiffTypeD-r16” UE capability, and for the 2- or 4-layer downlink MIMO reception, focus on UEs supporting the basic mTRP CSI reporting capability (FG 23-7-1/1b of NR FeMIMO).



[bookmark: _Hlk126665231]the latter, specifically captures the UE demodulation requirements.
We will provide our view on the two focus areas and provide observations and proposals into which requirements should be considered for UE demodulation. As the extension to cover intra-band CA is not to be considered until single component carrier requirements are defined, we exclude the intra-band CA discussion in this paper.
1  Discussion
Background and general multiRX aspects
In the current release (Rel-17) specification, related UE performance requirements have already been introduced through other work items (e.g. eMIMO, FeMIMO). The specification covers simultaneous and non-simultaneous reception using separate beams on different UE’s antenna panels/modules, but only for FR1 which commonly assumes omnidirectional reception patterns at the UE [4]. 
This WID focuses on simultaneous mRx in FR2-1 for UEs supporting simultaneousReceptionDiffTypeD-r16 UE Capability, which indicates that the UE supports simultaneous reception with different QCL-Type D as specified in TS38.213 and applies to PDSCH. As requirements for mTRP mRx in FR2-1 are still missing in the current specification (Rel. 17), it is the objective of this WID to bring important considerations to define the requirements. We restrict our discussion in this paper to single component carrier mTRP mRX in FR2-1 only.
In this Section, we briefly discuss the focus areas and the definition of antenna module/panel. It would then be followed by the generic system model, the discussions on NCJT with sDCI and mDCI and the description of the corresponding channel matrix. Furthermore, we provide our observations and proposals. They together provide backgrounds to the discussions in the following sections. 

Focus areas
Based on the objective of performance part WI for UE demodulation described in the Introduction, there will be two focus points for the UE requirements for mTRP mRx in FR2-1, namely:
· Demodulation requirements for up to 4 DL MIMO layers
· Focus on UEs supporting different QCL typeD for dual-TCI case
· CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook
· Focus on UEs supporting the basic mTRP CSI reporting capability from FG 23-7-1/1b of NR FeMIMO

Definition of antenna module/panel
For consistency of using the terms, we refer to the agreements in [6] for defining the antenna module and panel:

	1.1.8 On ’antenna module’ and “panel” 
Agreement: 
· The terms ‘antenna module’ and “panel” are not referenced in the final UE RF requirement and test configuration
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11
· On “panel”, 
·  ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
· [Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
· Antenna panels used to receive two AoAs simultaneously is up to UE implementation ]




From above agreements we make the following observation and proposal to align on the definition of antenna module and panel based on already agreed definition in [6]:
The definition of antenna modules and panels are agreed by RAN4/RF in “R4-2220533 - WF on UE RF requirements for FR2_multiRx_UERF, RAN4#105, Toulouse, France, November 14 – November 18, 2022”
Use the existing agreement from RF in [R4-2220533] section 1.1.8 for definition of the terms of antenna module and antenna panel. Unless otherwise stated, an antenna module is reserved to denote specific antenna arrays being placed in certain position of the UE. An antenna panel shall then be used to refer to a subset of an antenna module which is associated with a beam.

Figure 1 shows pictorial examples of different cases of possible combinations of antenna module architectures and panel configurations when considering a variation of AoA:
[image: ]
Figure 1 Examples of antenna modules / panels
Case1:
This case shows the situation where the UE will receive the signals from the two TRPs on individual antenna modules with one panel per module with a wide AoA.
Case2:
This case shows the situation where the UE has best reception on a single antenna module but since the module is limited to 2 layers reception, the second TRP will be received on a different antenna module with a potential larger antenna gain imbalance.
Case3+4:
These cases show the situation where an antenna module is split into two panels enabling a narrower AoA as both TRPs will be received on the same antenna module.
We now define the following
· One antenna module can potentially be configured as one or more antenna panels.
· Interference can occur between two antenna panels on different modules with the following expectations
· Narrow AoA will create interference between the panels.
· Wide AoA will create less interference between the panels.
Case5:
This case shows the situation where the UE will receive the two TRPs on individual antenna modules with one panel per module with a narrow AoA.

Based on above example cases, we have the following observations:
A UE can have different antenna modules positioned on different sides or back with following potential configurations:
-	One antenna module can potentially be configured as one or more antenna panels assuming the array consists of 2 or more antenna points.
· Two panels on different antenna modules can interfere with each other in situations where the Angle of Arrival (AoA) is narrow. In case of wide AoA interference across panels is less likely to occur.
· Two panels on same antenna module will likely interfere with each other independent of AoA.

Channel State Feedback and PDSCH: A Generic System Model
Without loss of generality, for easier use of notations, we assume that the UE are receiving using two separate antenna modules. Furthermore, boldface lower- and upper-case letters denote vectors and matrices, respectively, while normal letters denote scalar values. We may write the received signal at UE’s antenna modules as 

With  and  the received signal at the UE’s antenna module ,  and  the channel matrix for UE’s antenna module ,  and  the precoding matrix of TRP , 0 all zeros matrix, and  and  the input signal at TRP  which can take in the form of either data or CMR or IMR of TRP . Furthermore, the size of  and  are  and , respectively, with  the rank of the data/CMR/IMR.
Such a generic system model can then be specified as follows:
· For Rel 17 NCJT CSF,   is the CMR from TRP , with  the RI associated to TRP . 
· For Rel 15 mTRP CSF, the measurements are done twice. Each time, only one corresponding Rx beam is activated, and one TRP sends  with CMR and the other sends IM. The TRP that sends CMR will use , while the TRP that sends IMR will also not apply any precoding matrix to the IMR, that is , with 
· For PDSCH with sDCI,  is PDSCH data from TRP . The receiver will use 4 receive branches to jointly decode . Hence, the estimation of  is given by . 
· For PDSCH with mDCI,  is PDSCH data from TRP . The receiver will use 2RX receiver to independently decode each . Hence, the estimation of  is . 
It is possible to have a generic system model for CSF and PDSCH for mTRP mRx. It can then be specified to either PDSCH or Rel-17 NCJT CSF or Rel-15 CSF by appropriately assigning the corresponding input signal and the corresponding precoding matrix.

 On single DCI (sDCI) and multi DCI (mDCI) in multi TRP (mTRP) for FR2-1

[image: ]
Figure 1: M-TRP sDCI vs mDCI
Figure 1 shows a pictorial example of mTRP with either sDCI or mDCI. In sDCI there will only be one DCI message transmitted from one of the TRPs (the anchor TRP) to the UE. On the other hand, mDCI will have two DCI messages transmitted from both TRPs, one DCI per TRP. Having two DCI messages, it opens the possibility for the two TRPs to transmit with two different MCS, hence, two Transport Blocks.
In the WID [1] it is stated that the focus should be on “enhanced FR2-1 UEs supporting up to 4 DL MIMO layers with dual TCI with different QCL typeD on a single component carrier”. This means there is no need, or guarantee of, commonalities (or correlation) between the propagation conditions of the two TRPs.
sDCI NCJT
For sDCI NCJT it is assumed that the demodulation will be done on all layers coming from the two TRPs. The following is assumed for sDCI NCJT:
· Only one combined transport block (TB)
· One combined demodulation of all available layers
· Up to 4 layers is defined, i.e. maximum two layers / TRP
· PDSCH: 2 layers per TRP, demodulation is done on both TRPs combined.
· Demodulator can utilize full the knowledge of all 4 layers (i.e. 4x4 receiver)
· PDCCH: only provided on the anchor TRP.
· sDCI as supported in Rel.17 with CSI report containing: 2 PMIs, 1 CQI, 2 RIs and 2 LIs.
As there is only one CQI reported for the single TB, only one MCS will be possible and shared between the two TRPs. This limitation has an impact on the possible maximum throughput of the combined transmission as the TRP with the lowest SNR will “dictate” the maximum MCS possible. Based on this, we see using sDCI as mostly used, when the UE receives two TRPs with similar SNR.
In addition, the UE will be able to utilize all available layers for combined demodulation.
It is assumed, the UE will optimize the CSI reporting to provide the optimal combined PMIs/CQI based on UE measurements and UE capabilities utilizing the CSI Rel.17 reporting.
mDCI
For mDCI it is assumed the demodulation will be done on the individual TRPs with a maximum of 2 layers per TRP. The following is assumed for mDCI:
· One TB per TRP
· Demodulation is done for each TRP individually
· Up to 4 layers is defined, i.e. maximum two layers per TRP.
· PDSCH: 2 layers per TRP, demodulation is done per TRP
· Demodulator can utilize only 2 layers (i.e. 2x2 receiver)
· Demodulator will  see any cross coupling from the other TRP as interference.
· PDCCH: Each TRP will receive own PDCCH
· Adequate CSI reporting for mDCI is not supported in Rel.17 due to the need for two CQI in the report.
· Alternative to Rel.17 CSI reporting would be to use Rel.15 reporting with 2 CSI reports scheduled, each containing 1 PMI, 1 CQI, 1 RI, 1 LI.

As there are two CQIs reported (one for each TRP) it will for mDCI be possible to sustain two different MCSs. This makes mDCI a good candidate for scenarios, where difference is seen in SNR between the UE reception of the two TRPs hereby optimizing the throughput.
In addition, in case one TRP is lost in a mTRP configuration there can still be assumed full connection on the remaining TRP, hence mTRP can be seen as a more stable connection, especially for FR2-1 where one beam can be more easily blocked.
Rel.17 NCJT CSI reporting does not support two CQI, hence two individual reports will have to be scheduled using Rel.15 CSI reporting. Using two CQI for mDCI also enables support of different MCS for each TRP.

Description of H matrix for different scenarios
Two main scenarios are depicted in Figure 2: first a scenario with low or no inter-TRP interference at UE reception and a second with inter-TRP interference at the UE reception. Each received layer r1, r2, r3, r4 will depend on the H channel matrix and the transmitted symbols s1, s2, s3, s4. When 4 layers are used the received signal model can then either be based on 2 times 2x2 H matrices (sDCI/mDCI) or one-time 4x4 H matrix (sDCI).
[image: ]
[bookmark: _Ref127373189]Figure 2: Example of the H channel matrix for two use cases: at the left large Rx beam filtering with low or no inter-TRP interference and at the right overlapping Rx beam filtering with significant inter-TRP interference.

Typically, requirements for demodulation performance in TS38.101-4 [4] are based on the TDL model from TS38.901 [8]. Since this model does not include AoA and AoD an additional correlation matrix can be embedded in the H matrix for MIMO link level simulations.
The H matrix consists of a spatial correlation per gNodeB Tx antenna port, a spatial correlation per UE Rx antenna port and the radio multipath frequency domain matrix. There is however no model that corresponds to the FR2-1 OTA testing methodology modelling.
 
The correlation matrix for legacy FR1 [TS38.901] requirements is valid for conductive testing, however since FR2-1 tests have to be OTA this matrix is no longer applicable for the 4Rx or 2x2Rx setup needed for multi-Rx 4 layer case. We see a strong need to define a new spatial correlation matrix for link level simulations equivalent to OTA setup for Multi-Rx demodulation.
Define a new correlation matrix that is valid for FR2-1 in a Multi-TRP and Multi-Rx context to facilitate link level simulations for OTA demodulation performance requirements definition.
The perceived H matrix (whether 2 times 2x2 or 4x4) depends highly on the UE inter panel beam orthogonality/spatial filtering. The perceived H matrix in downlink does not depend on sDCI or mDCI where the main limitation is the CSI reporting. 
AoA of each TRP signal and the corresponding UE beam shape and steering will determine the inter-TRP interference of the H matrix. 
Interested companies can provide simulations to quantify the magnitude of the inter-TRP interference and inter-TRP power/SNR imbalance impacting the H matrix modelling for different relevant use cases.

2 UE Demodulation Performance
[bookmark: _Hlk126659774]Different to the conducted testing in FR1 as briefly described in the previous section, the requirements for FR2-1 will be defined for Over-The-Air (OTA) test. With OTA test in mind, it is necessary to correctly use the terms of antenna module, panels and arrays. We use the definitions of terms as described in Section 1. Furthermore, for the definition/selection of the Angle of Arrival (AoA), current specification refers to 4.5.4 of [4]: Angle of Arrival of the two TRPs can be reused from RF testing if available or be selected from one direction which satisfies the REFSENS. However, this consider single Rx only and a more up to date comprehensive analysis has been provided in R4-2219852 [9].

PDSCH Demodulation Requirements for FR2-1
In mTRP mRx, the incoming AoAs from two TRPs can take any values depending on the UE orientation, mmWave antenna module placement and radio channel conditions. It is needed for RAN4 to define a test setup which is sufficient to define the minimum requirements.
Observation 1: There can be different definitions of AoA without prior agreements of the reference point and there can be many possibilities of AoAs from both TRPs to be considered as the candidate for OTA test. Hence, the angular offset between the AoAs from both TRPs for test measurements can have many possibilities to choose from.
Following R4-2219852 the Angles of Arrival of the signals from the test probes corresponding to the two TRPs can be reused from RF mRx track if available. 
Proposal 1: The probes shall be fixed and positioned in same planar cut of the test sphere grid (xz plane).
Proposal 2: There shall be a single or multiple fixed Angular offset pairs between the test probes for OTA requirements as described in R4-2219852.  
The first probe and the second probe shall be placed in such a way that the first probe will be fixed at an AoA of 0 degrees while the AoA of the signal from the second probe can assume values of [30][,60][, 90][, 120][, 150] degrees. 
With the objective of “CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook”, below statements needs to be adapted accordingly. If CSI reporting can use Rel-15, below statements can be considered again (with some adaptation).

[bookmark: _Ref127373991]Table 1: Requirements key scenarios to be considered
	Requirement cases and respective priorities
	UE
High Beam orthogonality
E.g. 90 degree ΔAoA
	UE
Low Beam orthogonality
E.g. 30 degree ΔAoA

	sDCI (4x4)
	Balanced
Power/SNR
	Prio2
	Prio1

	
	Imbalanced
Power/SNR
	Prio1
	Prio2

	mDCI 2x(2x2)
	Balanced
Power/SNR
	Prio2
	Prio1

	
	Imbalanced
Power/SNR
	Prio1
	Prio2



In this discussion paper, we propose to consider different scenarios with priority (Prio1) depicted in Table 1, in which demodulation performance requirements will possibly be required. The scenarios to be considered are a combination between sDCI/mDCI, balanced/imbalanced power level at TX from each TRP probe (that should result in SNR balance/imbalance) and good/bad UE beam orthogonality (mainly due to wide and narrow AoA delta between the probes in the OTA chamber). The scenarios with priority 2 (Prio2) should also be considered.
For sDCI with single MCS mapped onto both TRPs, two scenarios are proposed.
Scenario 1:
mTRP sDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA). The narrow AoA will ensure significant inter-TRP interference to challenge the 4x4 MMSE receiver.
The UE needs to demodulate each of the 4-Layers coming from the two TRPs. As there is a single TBs single MCS, the UE will see the signals from both TRPs as part of the 4x4 H matrix.

Scenario 2:
mTRP sDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA). The wide AoA Will ensure low inter-TRP interference for high performance 4x4 MIMO.
The power/SNR imbalance at UE will challenge the performance of sDCI due to single CQI reporting.

For mDCI with an MCS mapped for each TRP, two additional scenarios are proposed.

Scenario 3:
mTRP mDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA). The narrow AoA will ensure significant inter-TRP interference in order to challenge both the 2x2 MMSE receivers.
The UE needs to demodulate each of the 4-Layers coming from the two TRPs. As there are two TBs thus two MCS, the UE will see the signals from both TRPs with very similar CQI feedback due to the balanced power/SNR.

Scenario 4:
mTRP mDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA). The wide AoA will ensure low inter-TRP interference for high performance 2x(2x2) MIMO.  As there are two TBs thus two MCS, the UE will see the signals from both TRPs with very different CQI feedback due to the imbalance.
The UE needs to demodulate each of the 4-Layers coming from the two TRPs. As there are two TBs thus two MCS, the UE will see the signals from both TRPs with very different CQI feedback due to the balanced power/SNR.

Define UE demodulation performance requirements for at least the following four scenarios:
Scenario 1: mTRP sDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA).
Scenario 2: mTRP sDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA).
Scenario 3: mTRP mDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA).
Scenario 4: mTRP mDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA).

 PDCCH Demodulation Requirements for FR2-1
For sDCI configuration, we see no need to define additional requirements as what is already defined in [4]. For mDCI configuration, the two TRPs can be seen as individual sTRP, hence the existing requirements might be sufficient. However the PDCCH signals from both TRPs can interfere with each other at the UEs, for example in narrow AoA case, hence, there might be a need to define requirements for such case.
Define PDCCH requirements for mDCI

PDCCH requirements with intra-slot repetition for FR2-1
The benefit of defining requirements for PDCCH demodulation was discussed in the FeMIMO WID where it was agreed to introduce PDCCH demodulation requirements with intra-slot repetition (FDM) as it requires another Rx processing compared to sTRP operation. 
It was agreed in the FeMIMO WID to define PDCCH requirements with intra-slot repetition.
Define PDCCH requirements with intra-slot repetition for FR2-1.

CSI Requirements
According to the WID [1], the definition of CSI requirements for MultiRx shall focus on UEs supporting the basic mTRP CSI reporting capability (FG 23-7-1/1b of NR FeMIMO), which is described in [5] as follows:

		23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Support of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis: Support of N=1
1. Maximum number of NZP CSI-RS resources in one CSI-RS resource set: Ks,max
1. CSI report mode selection of mode 1 with X=0 and/or mode 2
1. A list of supported combinations, up to 16, across all CCs simultaneously, where each combination is
1. Maximum number of Tx ports in one NZP CSI-RS resource associated with an NCJT measurement hypothesis 
1. Maximum total number of CMRs for NCJT measurement
1. Maximum total number of Tx ports of NZP CSI-RS resources associated with NCJT measurement hypotheses
1. Supported codebook modes for NCJT CSI


	Per band and per BC
	Component 2 candidate value set: {2, 3, 4, 5, 6, 7, 8}

Component 3 candidate value set: { mode 1 with X=0, mode 2, both}

Component 4 candidate values:
1. {2, 4, 8, 12, 16, 24, 32}
1. {2,3,4 … 64}
1. {2,3,4, …, 256}

Component 5 candidate values: {mode 1, both mode 1 and mode 2}



	23. NR_FeMIMO
	23-7-1b
	Active CSI-RS resources and ports in the presence of multi-TRP CSI
	1. List of codebook combinations
2. List of {max number of ports per resource, max number of resources, max number of total ports} for each codebook combination
	Per band and per BC
	Component 1 candidate values:
Codebook 1 = {‘NCJT’, NCJT+Type 1 SP (for sTRP)}
{Codebook 2, Codebook 3} = {(NULL, NULL}), {“Rel 16 combinations in FG 16-8”}, {“New Rel17 combinations in FG 23-9-5”}}

Component 2 candidate values: 
- Maximum 16 triplets for each codebook combination 
- Max # of Tx ports in one resource: {2, 4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}

Note 1: A CMR pair configured for NCJT will be counted as two activated resources, a CMR configured for sTRP will be counted as one activated resource for a triplet.

Note2: This capability is relevant only when UE is configured with NCJT CSI in at least one CSI report setting in at least one CC in the band and/or band combination.


 




In Rel-17, the mTRP CSI reporting was defined for sDCI and has only one reported CQI value for both TRPs. With one CQI value being reported for both TRPs, gNB can only send one transport block with one MCS value from both TRPs. Differing from Rel-17, in Rel-15, two independent CSI reports with two CQI values (one for each TRP) is supported. This enables mDCI transmissions from the TRPs, and the TRPs can now transmit two different transport blocks with different MCS. Therefore, for mTRP mRx, we observe that for CSI reporting, in the case of: 
· sDCI – follow existing rel.17 reporting for mTRP, 
· mDCI – follow rel.15 reporting to enable scheduling two reports (one for each TRP).

sDCI
When requirements were defined under the FeMIMO WID for FR1 it was decided to only focus on adding requirements for PMI. For FR2-1, however, we see it relevant to consider defining requirements also for CQI and RI due to cases with Power/SNR imbalance per UE Rx chain that would challenge the UE reception.
Existing requirements for FR1 only consider the NCJT reporting method with X=0 for CSI reporting. For FR1, only PMI requirements were defined for FR1 sDCI (No requirements were defined for CQI and RI). For FR2-1 NCJT sDCI reporting, only one CQI is fed back from UE, however the case of different Power imbalance/SNR per UE Rx-chain is very common in a multi-panel multi-Rx UE due to misaligned beams or a hand grabbing the device. Each UE Rx chains could then have very different SNRs leaving the UE to report a combined CQI.
We see that for FR2-1 sDCI, CQI and RI is highly important especially in the case of Power/SNR imbalance.
 Specify CSI reporting requirements for PMI and CQI and RI for sDCI, with and without power imbalance.

mDCI
mDCI was not discussed in FeMIMO WID due to pending agreement in RF about support of mTRP with different QCL type-D. 
For Rel-15 CSI reporting, the two CSI reports can support RI up to rank 2, however in the case of AoAs resulting in non-orthogonal spatial beams at the UE, the radio channel H matrix can be considered as a 4x4 instead of a 2 times 2x2 as UE. 
For non-orthogonal spatial beams at the UE, this would ideally require a joint rank indicator RI considering the 4x4 dimensions in a single report. CSI-RS pairs from each TRP could be overlapping or non-overlapping. In case of non-overlapping CSI-RS pairs between TRPs the UE could still report a joint rank indicator for optimal performance.
Without this joint RI the UE would need to operate with two independent link adaptation process, each based on a two times 2x2 MIMO mode with corresponding MIMO receiver dimensions (e.g. MMSE type). In this latter case each receiver chain would consider one TRP signal as desired signal and the other as interfering signal.
Two-time 2x2 MIMO reception for mDCI might not provide with adequate performance due to lack of joint Rank Indicator reporting considering a 4x4 MIMO reception as UE beams might not always be spatially orthogonal.
Study the validity of two times 2x2 H matrices assumption for mDCI based on incoming TRP AoA and UE beam orthogonality for spatial signal separation.
Specify CSI reporting requirements for PMI and CQI and RI for mDCI, with and without power imbalance.


[bookmark: _Toc116995848]Conclusion
This contribution provides our understanding and view on important aspects in demodulation for Multi-TRP (mTRP) Multi-Rx (mRx) feature as well as proposals into which demodulation requirements should be considered for requirement definition. 
In the paper, the following Observations and Proposals were made:

Background and general multiRX aspects
1. The definition of antenna modules and panels are agreed by RAN4/RF in “R4-2220533 - WF on UE RF requirements for FR2_multiRx_UERF, RAN4#105, Toulouse, France, November 14 – November 18, 2022”
1. Use the existing agreement from RF in [R4-2220533] section 1.1.8 for definition of the terms of antenna module and antenna panel. Unless otherwise stated, an antenna module is reserved to denote specific antenna arrays being placed in certain position of the UE. An antenna panel shall then be used to refer to a subset of an antenna module which is associated with a beam.
A UE can have different antenna modules positioned on different sides or back with following potential configurations:
-	One antenna module can potentially be configured as one or more antenna panels assuming the array consists of 2 or more antenna points.
· Two panels on different antenna modules can interfere with each other in situations where the Angle of Arrival (AoA) is narrow. In case of wide AoA interference across panels is less likely to occur.
· Two panels on same antenna module will likely interfere with each other independent of AoA.

It is possible to have a generic system model for CSF and PDSCH for mTRP mRx. It can then be specified to either PDSCH or Rel-17 NCJT CSF or Rel-15 CSF by appropriately assigning the corresponding input signal and the corresponding precoding matrix.
Rel.17 NCJT CSI reporting does not support two CQI, hence two individual reports will have to be scheduled using Rel.15 CSI reporting. Using two CQI for mDCI also enables support of different MCS for each TRP.
The correlation matrix for legacy FR1 [TS38.901] requirements is valid for conductive testing, however since FR2-1 tests have to be OTA this matrix is no longer applicable for the 4Rx or 2x2Rx setup needed for multi-Rx 4 layer case. We see a strong need to define a new spatial correlation matrix for link level simulations equivalent to OTA setup for Multi-Rx demodulation.
Define a new correlation matrix that is valid for FR2-1 in a Multi-TRP and Multi-Rx context to facilitate link level simulations for OTA demodulation performance requirements definition.
The perceived H matrix (whether 2 times 2x2 or 4x4) depends highly on the UE inter panel beam orthogonality/spatial filtering. The perceived H matrix in downlink does not depend on sDCI or mDCI where the main limitation is the CSI reporting. 
AoA of each TRP signal and the corresponding UE beam shape and steering will determine the inter-TRP interference of the H matrix. 
Interested companies can provide simulations to quantify the magnitude of the inter-TRP interference and inter-TRP power/SNR imbalance impacting the H matrix modelling for different relevant use cases.

UE Demodulation Performance

Observation 3: There can be different definitions of AoA without prior agreements of the reference point and there can be many possibilities of AoAs from both TRPs to be considered as the candidate for OTA test. Hence, the angular offset between the AoAs from both TRPs for test measurements can have many possibilities to choose from.
Following R4-2219852 the Angles of Arrival of the signals from the test probes corresponding to the two TRPs can be reused from RF mRx track if available. 
Proposal 4: The probes shall be fixed and positioned in same planar cut of the test sphere grid (xz plane).
Proposal 5: There shall be a single or multiple fixed Angular offset pairs between the test probes for OTA requirements as described in R4-2219852.  
The first probe and the second probe shall be placed in such a way that the first probe will be fixed at an AoA of 0 degrees while the AoA of the signal from the second probe can assume values of [30][,60][, 90][, 120][, 150] degrees. 

Define UE demodulation performance requirements for at least the following four scenarios:
Scenario 1: mTRP sDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA).
Scenario 2: mTRP sDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA).
Scenario 3: mTRP mDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA).
Scenario 4: mTRP mDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA).

Define PDCCH requirements for mDCI
It was agreed in the FeMIMO WID to define PDCCH requirements with intra-slot repetition.
Define PDCCH requirements with intra-slot repetition for FR2-1.

CSI Requirements
We see that for FR2-1 sDCI, CQI and RI is highly important especially in the case of Power/SNR imbalance.
 Specify CSI reporting requirements for PMI and CQI and RI for sDCI, with and without power imbalance.

Two-time 2x2 MIMO reception for mDCI might not provide with adequate performance due to lack of joint Rank Indicator reporting considering a 4x4 MIMO reception as UE beams might not always be spatially orthogonal.
Study the validity of two times 2x2 H matrices assumption for mDCI based on incoming TRP AoA and UE beam orthogonality for spatial signal separation.
Specify CSI reporting requirements for PMI and CQI and RI for mDCI, with and without power imbalance.
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