[bookmark: _Hlk133917475][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #108bis	R4-2315046
Xiamen, China, October 09 – October 13, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on MIMO evolution BS Demodulation
Agenda item:	5.29.4.2
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
This document introduces to RAN4 some of the features defined in the work item “MIMO evolution” within Rel-18 of 5G NR, specifically those features which have an impact related to the BS demodulation performance requirements, whereby these will be discussed, and observations and recommendations are made to further the progress of the requirements definition.
Specifically, this paper presents Nokia’s views on the aspects identified within the WID [1] related to the BS UL demodulation, which are as follows:
	Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices

Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.




This discussion is supported by simulation results provided in [2].
Discussion
Background & Scope
MIMO is one of the key technologies in NR, in Rel-18 a number of improvements have been proposed for both uplink and downlink MIMO.
For BS demodulation these items introduce potential impacts on performance requirements within RAN4, most notably these for 8Tx Uplink.
We believe the remaining features within the WID will not have a direct impact on the BS Demodulation performance.
[bookmark: _Toc146027693]RAN4 to focus on 8Tx Uplink for BS Demodulation.
8Tx UL will utilise enhanced codebooks beyond the current requirements, and we believe that the primary impact will occur for both with PUSCH, so RAN4 should focus on PUSCH requirements.
[bookmark: _Toc146027694]RAN4 shall define requirements for 8Tx UL for PUSCH.
Channel Model
Within the justification for the WID [1], 3 use cases are explicitly mentioned.
	as advanced UEs (e.g. CPE, FWA, vehicle, industrial devices) become more relevant, introducing necessary enhancements to support for 8 antenna ports as well as 4 and more layers for UL transmission can offer the needed improvement for UL coverage and average throughput.



Due to this implied requirement of 3 different types of advanced UEs, we propose that the following channel models are introduced for MIMO evolution:
· TDLA 30-10 (CPE/FWA)
· TDLB 100-400 (Vehicle)
· TDLC 300-100 (Industrial)
For all the proposed channels it is important that in order to exercise MIMO performance that there is rank dependent variation between each layer, this can be achieved through the introduction of correlation amongst demodulation branches, therefore we further propose that ULA Medium B correlation is applied to all channels.
[bookmark: _Toc146027695]In order to observe the impact of MIMO on performance, rank deficient channels require to be introduced to RAN4.
[bookmark: _Toc146027696]RAN4 shall use TDLA 30-10, TDLB 100-400, and TDLC 300-100 for requirements definition.
[bookmark: _Toc146027697]RAN4 shall use ULA Medium B to provide a pseudo-rank variable channel for MIMO evolution requirements.
MCS
As the MCS is highly correlated to the performance we may expect within the channel, we believe it is sensible to use MCS known to provide sensible operating SNRs for the given channels, as such we can infer from the recent 4Tx work item in demod that the following MCS work well in the above channels.
· TDLA 30-10 (MCS 17)
· TDLB 100-400 (MCS 2)
· TDLC 300-100 (MCS 12)
[bookmark: _Toc146027698]RAN4 shall use MCS 17 in TDLA 30-10, MCS 2 in TDLB 100-400, and MCS 12 TDLC 300-100 for requirements definition.
Sub-Carrier Spacing and BW
For 8Tx the new codebook designs are aimed at FR1 deployments it would be a sensible approach to utilise FR1 Sub Carrier Spacing and CBW.
[bookmark: _Toc145689329][bookmark: _Toc146027699]RAN4 shall use 5, 20, and 50 MHz for defining requirements with 15 kHz SCS.
[bookmark: _Toc146027700]RAN4 shall use 50, 20 and 50 MHz for defining requirements with 30 kHz SCS.
DMRS mapping Type
With the introduction of 8 DMRS ports, and various mobilities of UEs we propose that RAN4 shall initially provide simulations on both mapping type A and type B.
[bookmark: _Toc146027701]RAN4 shall use both mapping type A and type B for definition of requirements.
Antenna group layout (TPMI Discussion)
UL-MIMO supports 3 coherent Tx levels: fully coherent, partially coherent, and non-coherent for 4Tx antennas. The codebooks have been agreed in the recent CR from RAN1 #114 [4].
[bookmark: _Toc146027702]RAN4 shall define performance requirements for fully coherent codebooks.
These coherency levels refer to the coherence across antenna groups, where all antenna ports in an antenna group are Tx coherent and the number of antenna groups is denoted as Ng. Each coherent level has its own 8Tx codebook, as indicated in Table 1.
 
[bookmark: _Ref145943408]Table 1 : Antenna group coherency
[image: ]

These coherency levels and proposals associate with them will be discussed in the following sections.
Fully Coherent
The fully coherent codebook (codebook 1 of table 6.3.1.5-8 of [4]) is based on DL Type-I codebook design with the following parameters:
(N1, N2) = (2, 2) and (4, 1)
· N1 and N2 refer to the arrangement of elements in an array where each element consists of orthogonally arranged dipoles, as we will be using TDL channels in RAN4, these parameters should be set to N1=4 and N2=1)
[bookmark: _Toc146027703]RAN4 shall define N1 =4 and N2=1 for fully coherent 8Tx codebooks
(O1, O2) = (1, 1)
[bookmark: _Toc146027704]RAN4 shall define O1=1 and O2=1 for fully coherent 8Tx codebooks
All configuration parameters are presented in Table 2. 
[bookmark: _Ref145943421]Table 2: Fully coherent codebook configuration parameters
[image: ]
Partially Coherent Codebook
8Tx partially coherent codebooks are based on Rel-15 4Tx codebooks and are defined as codebook 2 and 3 of table 6.3.1.5-8 from [4], where each refers to different number of antenna groups.
[bookmark: _Toc146027705]RAN4 shall define performance requirements for partially coherent codebooks.
For Ng=2, each antenna group uses a fully coherent 4Tx precoder, based on Rel-15 design. Layer-split across two antenna groups is used to specify the detailed 8Tx precoders, for example:
A layer-split (2, 0) indicates the 1st antenna group is using a rank-2 4Tx precoder and the 2nd antenna group is not transmitting. The overall 8Tx rank is 2.
A layer-split (2, 3) indicates the 1st antenna group is using a rank-2 4Tx precoder and the 2nd antenna group is using a rank-3 4Tx precoder. The overall 8Tx rank is 2+3=5.
All ranks are supported for Ng=2 (two antenna groups) as can be seen in Table 3. The Ng=2 codebook is defined as codebook 2 within of table 6.3.1.5-8 of [4].
[bookmark: _Ref145944068]Table 3 : Partially coherent codebook with Ng=2
[image: ]
The way this could relate to multi-group UL capability can be observed in Figure 1 where two antenna groups are clearly shown which could represent separate groups.
It is worth noting however that with a TDL channel (even with correlation) that it would be impossible to observe the difference between spatial components of both groups, unless a new correlation matrix is introduced especially for this WI.
[bookmark: _Toc146027706]Current correlation channel models would not create observable performance difference for partially coherent 8Tx codebooks.
[bookmark: _Toc146027707]Should RAN4 introduce requirements for partially coherent codebooks a new channel correlation matrix should be introduced.


[bookmark: _Ref145944097][bookmark: _Ref145944093]Figure 1 : 8Tx UL with Ng=2
Non-Coherent Codebook
In the non-coherent 8Tx UL case then there is no coherency between elements and as such this can be represented by an arbitrary TPMI matrix as discussed in RAN1 (along with the other entries from codebook 4 of table 6.3.1.5-8 from [4]); for performance requirements the TPMI Index 0 could be used for requirements definition for 4Tx.
Furthermore, if no rank deficiency is introduced to this WI in RAN4 this will offer the exact same performance metrics as any other configuration from coherent, partially coherent on non-coherent..
[bookmark: _Toc146027708]If rank variable channels cannot be included in RAN4 requirements for 8Tx the non-coherent TPMIs will provide the same performance as any other codebook.
[bookmark: _Toc146027709]If RAN4 does not introduce a spatial component to channel modelling, requirements shall be set using a non-coherent 8Tx codebook.
[bookmark: _Toc116995848]Conclusion
This contribution provides our views on 8Tx UL BS demodulation. Specifically, a series of observation and proposals are made as follows: 
Proposal 1: RAN4 to focus on 8Tx Uplink for BS Demodulation.
Proposal 2: RAN4 shall define requirements for 8Tx UL for PUSCH.
Observation 1: In order to observe the impact of MIMO on performance, rank deficient channels require to be introduced to RAN4.
Proposal 3: RAN4 shall use TDLA 30-10, TDLB 100-400, and TDLC 300-100 for requirements definition.
Proposal 4: RAN4 shall use ULA Medium B to provide a pseudo-rank variable channel for MIMO evolution requirements.
Proposal 5: RAN4 shall use MCS 17 in TDLA 30-10, MCS 2 in TDLB 100-400, and MCS 12 TDLC 300-100 for requirements definition.
Proposal 6: RAN4 shall use 5, 20, and 50 MHz for defining requirements with 15 kHz SCS.
Proposal 7: RAN4 shall use 50, 20 and 50 MHz for defining requirements with 30 kHz SCS.
Proposal 8: RAN4 shall use both mapping type A and type B for definition of requirements.
Proposal 9: RAN4 shall define performance requirements for fully coherent codebooks.
Proposal 10: RAN4 shall define N1 =4 and N2=1 for fully coherent 8Tx codebooks
Proposal 11: RAN4 shall define O1=1 and O2=1 for fully coherent 8Tx codebooks
Proposal 12: RAN4 shall define performance requirements for partially coherent codebooks.
Observation 2: Current correlation channel models would not create observable performance difference for partially coherent 8Tx codebooks.
Proposal 13: Should RAN4 introduce requirements for partially coherent codebooks a new channel correlation matrix should be introduced.
Observation 3: If rank variable channels cannot be included in RAN4 requirements for 8Tx the non-coherent TPMIs will provide the same performance as any other codebook.
Proposal 14: If RAN4 does not introduce a spatial component to channel modelling, requirements shall be set using a non-coherent 8Tx codebook.
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Configuration  parameters  Number of precoders using NR Rel - 15 single panel DL Type I   

( N 1 ,  N 2 ,  O 1 ,  O 2 )  1  2  3  4  5  6  7  8  Total  Max TPMI  signalling  overhead  (bits)  

(2, 2, 1, 1)  16  32  24  24  8  8  8  8  128  7  
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Rank  All layers in one Antenna Group  Layers split across 2 Antenna  Groups  

2  (2,0), (0,2)  -    

2  -    (1,1)  

3  (3,0), (0,3)  -    

3  -    (1,2), (2,1)  

4  (4,0), (0,4)  -    

4  -    (2,2)  

5  -    (2,3)  

6  -    (3,3)  

7  -    (3,4)  
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