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Introduction
During the RAN4#108, the discussions on the performance requirements for FR2 multiRx DL chain reception continued by addressing open issues concerning general aspects: for example, receiver and PTRS assumptions were further debated, as well as the simulation assumptions for UE demodulation and CSI reporting test cases were finalized and agreed. In this contribution, we provide Nokia view on the remaining open issues and provide new proposals wherever necessary.

Discussion
[bookmark: _Ref149933416]Receiver assumption for mDCI case.
During RAN4#108bis meeting, discussions regarding UE receiver assumption for the mDCI case in fully and non-overlapping scenarios continued, and it was agreed to define requirements for separate processing. The question of in addition to also add requirements for joint processing was kept FFS (see [1]):
	 Issue 1-1-4: Receiver assumption for mDCI case.
· Agreement:
· Define requirement with separate processing as a baseline for fully overlapping (1+1) and non-overlapping (2+2) scenarios.
· Other scenarios not precluded, such as fully overlapping (2+2)   
· FFS: Joint processing
· Companies to evaluate performance of both separate and joint processing for the next meeting with the objective to make a decision next meeting. A minimum set of simulation scenarios may be agreed to manage the workload for the next meeting.
· Baseline case is prioritized.



Particularly, concerns about receiver processing (either separate or joint) in high and low isolation configurations (cross-talk) were raised. Joint processing receiver assumption is robust under distinct  values in fully overlapping scenarios, while still providing diversity gains in low isolation. On the other hand, separate processing receiver assumption would require high isolation to work properly, while having less complex implementation.
During RAN4#108bis, the assessed separate processing simulation results for mDCI showed significant performance degradation when compared against the more robust joint processing approach. Indeed, joint processing has been widely accepted as superior approach in terms of achievable performance figures, though its introduction in the subsequent release 19 has also been considered for further examination.
Joint processing capable receiver is required to properly define the requirements under medium/high crosstalk ( = -9dB) and MCS candidate values for mDCI case.
Introduce joint processing receiver requirements for mDCI fully overlapping cases.

Receiver assumption for sDCI SDM case
During RAN4#108bis meeting, discussions regarding UE receiver assumption for the mDCI case in fully and non-overlapping scenarios continued, and it was agreed to consider separate processing as baseline. The question of in addition to also add requirements for joint processing was kept FFS (see [1]):
	 Issue 1-1-5: Receiver assumption for sDCI SDM case.
· Agreement:
· 	Evaluate joint and separate processing for sDCI.
· 	For sDCI, consider separate processing as baseline.  Joint processing is FFS.




For sDCI similar arguments as in Section 2.1 can be made regarding the need for joint processing:
During RAN4#108bis, the assessed separate processing simulation results for sDCI showed significant performance degradation when compared against the more robust joint processing approach. Indeed, joint processing has been widely accepted as superior approach in terms of achievable performance figures, though its introduction in the subsequent release 19 has also been considered for further examination. 
It is also worth noticing, that UEs receiving from practical deployment scenarios with co-located sDCI TRPs are more susceptible to high crosstalk () degradation, hence we see joint processing as even more important for sDCI.
Joint processing capable receiver is required to properly define the requirements under low/med crosstalk =-12/-9dB and MCS candidate values for sDCI case. We also see that in practical deployment scenarios it is likely that for sDCI, TRPs will be co-located resulting in high cross-talk.
Introduce joint processing receiver requirements for the sDCI SDM case.

MCS and layer selection for mDCI fully overlapping case
During RAN4#108bis meeting, the need to select appropriate crosstalk  values for both rank 1+1 and 2+2 scenarios was highlighted and alternative configurations for the respective MCSs and crosstalk values depending on the UE rank were agreed for separate processing [1].
	 Issue 1-1-6: MCS and layer selection for mDCI fully overlapping case.
· Agreement:
· Separate processing
· 1+1: MCS 17, ρ = -12dB 
· Other scenarios are not precluded, such as 2+2 configuration.



After alignment of simulation results, the most suitable MCS and crosstalk values to set baseline requirements for rank 1+1 and rank 2+2 can be decided.
For each one of the rank configurations (i.e., rank 1+1 or 2+2), it is appropriate to select the most suitable crosstalk factor  and MCS values based on the simulation results. Note it is preferable to select only one crosstalk factor for each such rank scenario.
In our simulation results provided in [3] we observe that for the 1+1 case with MCS 17 and ρ = -12dB the maximum throughput reaches approx. 90% compared to the case without crosstalk. Based on this we see it possible to define requirements with separate processing using “1+1: MCS 17, ρ = -12dB”.
In addition, we have provided simulation results the 2+2 case with MCS 13 and ρ = -12dB which shows also show the maximum throughput reaches approx. 90% compared to the case without crosstalk. Based on this we see it possible to define requirements with separate processing using “2+2: MCS 13, ρ = -12dB”.
For ρ = -9dB our simulations show that in the 1+1 case, 70% throughput can be achieved, however maximum throughput is 75% compared to the case without crosstalk. In the 2+2 case, 70% cannot be reached with ρ = -9dB.
Based on our simulation results, we do not see it feasible to define requirements for mDCI fully overlapping case with separate processing using ρ = -9dB or higher.
Based on our simulation results, it is feasible to define requirements for mDCI fully overlapping case with separate processing with the following configurations:
1+1: MCS 17, ρ = -12dB
2+2: MCS 13, ρ = -12dB
Define requirements mDCI fully overlapping case with separate processing for:
1+1: MCS 17, ρ = -12dB
2+2: MCS 13, ρ = -12dB
Further discuss test cases with joint processing using higher values of ρ (-9dB and/or -6dB) if joint processing is agreed to be introduced.

TxEVM
In RAN4#108bis meeting, it was also carried out additional discussions on the relevance of incorporating TxEVM to account for RF impairments in simulations. The question of introducing TxEVM or not was kept open (see [1]):
	 Issue 1-1-8: TxEVM.
· Agreement:
· If considered, then use Tx EVM at 6% since we are considering up to 64QAM modulation.




Since Rel-15 is has been common practice to assume TE TxEVM in impaired simulations, with values commonly chosen as 6% at QPSK, 6% at 16QAM, 6% at 64QAM, 3% at 256QAM, and 2.5% at 1024QAM. 
The intent was to allow requirements to be testable with any TE that meets or exceeds the TxEVM assumption, as TxEVM results in a SNR dependent degradation and limitation of the effective baseband SNR at the receiver.
Additionally, the TE TxEVM assumptions are used to limit the SNR, and therefore MCS, usable during tests by self-imposing a 1dB SNR degradation/relaxation limit when adding TxEVM.
RAN5 does not require a specific TxEVM in the test configuration and the TE does not add additional TxEVM on top of its innate TxEVM performance. RAN5 does set a Maximum Test System Uncertainty, which is chosen such that the noise from the Test system is sufficiently below that required for the UE to demodulate the signal with the required success rate. 
Adding TE TxEVM in RAN4 requirement derivation leads to a SNR relaxation for the DUT at the higher end of the SNR range, when using a TE with better than the assumed TxEVM performance.
In the meantime, experience with TE's on the market has shown that the Rel-15 TE TxEVM assumptions were too conservative. The TEs' actual TxEVM limits are much lower than the commonly chosen values, and it is not needed to add TE TxEVM in the requirement derivation.
Additionally, unlike for transmissions from UEs/BSs, the TE TxEVM is independent from the used modulation order (assuming same power), as no crest factor reduction is employed.

RAN4 shall not consider TE TxEVM for the derivation of final requirement SNR values.
A value of 2% TE TxEVM shall be considered in FR1 and independently of the modulation order, to limit the MCS choice to stay below 1dB degradation, when testing with a TE having such an innate TxEVM.

TR update
In RAN4#108bis meeting, it was initially observed RAN4 work has progressed considerably on the demodulation front and recalled a RAN4#101 recommendation to properly capture such demodulation evaluation developments within RAN4 workgroup. Thus, it now becomes relevant to decide on expanding the TR 38.751 scope so as to include the outcomes of the evaluation phase and then define the corresponding demodulation requirements.
	 Issue 1-1-10: TR update.
<way forward>
· FFS whether to consider expanding the scope of TR 38.751 751 to include demodulation related evaluation and study.



As a lot of effort was done in RAN4 to define a model handling both correlation and cross-talk, it would be prudent to include the respective details into TR38.751 for future reference as such detailed information will not be included in 38.101-4.
38.101-4 will only contain the final correlation and cross-talk mode but will not include additional relevant information from the evaluation phase. Therefore, such information can be alternatively captured in TR38.751 for future reference.
RAN4 to extend the TR 38.751 scope by adding relevant evaluation phase outcomes aiming to properly defining the respective multiRx demodulation and CSI requirements.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]We have presented Nokia's view on the open issues with relation to the general aspects for MultiRx Demodulation performance.

We have the following observations and proposals:

Receiver assumption for mDCI case
1. Joint processing capable receiver is required to properly define the requirements under medium/high crosstalk ( = -9dB) and MCS candidate values for mDCI case.
1. Introduce joint processing receiver requirements for mDCI fully overlapping cases.

Receiver assumption for sDCI SDM case
Joint processing capable receiver is required to properly define the requirements under low/med crosstalk =-12/-9dB and MCS candidate values for sDCI case. We also see that in practical deployment scenarios it is likely that for sDCI, TRPs will be co-located resulting in high cross-talk.
Introduce joint processing receiver requirements for the sDCI SDM case.

MCS and layer selection for mDCI fully overlapping case
For each one of the rank configurations (i.e., rank 1+1 or 2+2), it is appropriate to select the most suitable crosstalk factor  and MCS values based on the simulation results. Note it is preferable to select only one crosstalk factor for each such rank scenario.
Based on our simulation results, we do not see it feasible to define requirements for mDCI fully overlapping case with separate processing using ρ = -9dB or higher.
Based on our simulation results, it is feasible to define requirements for mDCI fully overlapping case with separate processing with the following configurations:
1+1: MCS 17, ρ = -12dB
2+2: MCS 13, ρ = -12dB
Define requirements mDCI fully overlapping case with separate processing for:
1+1: MCS 17, ρ = -12dB
2+2: MCS 13, ρ = -12dB
Further discuss test cases with joint processing using higher values of ρ (-9dB and/or -6dB) if joint processing is agreed to be introduced.

TxEVM
RAN4 shall not consider TE TxEVM for the derivation of final requirement SNR values.
A value of 2% TE TxEVM shall be considered in FR1 and independently of the modulation order, to limit the MCS choice to stay below 1dB degradation, when testing with a TE having such an innate TxEVM.

TR update
38.101-4 will only contain the final correlation and cross-talk mode but will not include additional relevant information from the evaluation phase. Therefore, such information can be alternatively captured in TR38.751 for future reference.
RAN4 to extend the TR 38.751 scope by adding relevant evaluation phase outcomes aiming to properly defining the respective multiRx demodulation and CSI requirements.
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