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1. Introduction


In the RAN (Plenary) Meeting #94e, a new Work Item (WI) was approved targeting MIMO evolution for Downlink (DL) and Uplink (UL). The 5th objective of the aformentioned WI is:
“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
Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study”
The lagacy specifications include support of up to 4 UL TX ports, allowing up to 4 trasnmission layers with Codebook and Non-Codebook based schemes.
· The codebook transmission scheme entails providing the UE with a specific Transmit Precoder Matrix Indicator (TPMI) chosen from a predefined codebook, based on non-precoded SRS transmission.
· The non-codebook scheme, on the other hand, relies on channel reciprocity, to deduce general precoding weights. Those weights are in turn used to precode SRS. Up to 4 SRS resources in one SRS Resource Set are configured, with only one port per SRS resource. The Network (NW) indicates to UE which precoding weights to use, in addition to the trasnsmission rank, through SRS Resource Indicators (SRI).

In this document, we discuss enhancememnts to TPMI and SRI targeting both codebook and non-codebook transmission to enable up to 8 TX UL operation .

2. Full Coherent CB Design

In RAN1-111 it was agreed to reuse DL Type I single panel CB as a starting point for UL 8Tx full coherent codebook design. Furthermore, regarding the UE antenna layout considerations, specifically for codebook design, two layouts are agreed for considerations, namely, (N1, N2) = (4,1) and (2,2), where N1 and N2 denotes number of antenna elements in the horizontal and vertical dimensions, respectively. To realize Type I CBs for coherent UL 8TX transmission, there are number of issues which needs to be addressed, including overhead reduction for TPMI signalling and oversampling factor used for the DFT vectors. 
To further improve the spatial granularity, DL Type I has adopted oversampling factors for the DFT vectors used to construct the precoders. Oversampling factors used in DL Type I codebook both horizontal, O1, and vertical dimensions, O2, have a fixed value of 4. However, having such high oversampling for UL codebook can result in significant DCI payload for TPMI indication. To reduce the feedback overhead and verify the performance, we conduct simulations with lower oversampling factors. The oversampling factors are reduced from (4,4) to (1,1). The evaluation below were conducted for (N1, N2) = (2, 2) configuration. Based on the results below, we observe that increasing the oversampling factor does not benefit systems performance, at least in terms of cell Avg. throughput. In our study both UMa and UMi environments with 32Rx and 64Rx at the gNB, as per agreed EVM, were evaluated. As the ratio of Rx ports at the gNB to Tx ports at the UE increases, dominant receiver beamforming can be achieved. In such scenarios, increasing the granularity of transmit precoder does not translate to improved system performance.

Fig1. Throughput comparison with different oversampling factors



Observation 1: Unlike DL, increasing the DFT oversampling factor for purposes of full coherent 8 TX UL transmission precoder, does not result in significant performance improvement.
Proposal 1: Consider (O1, O2) = (1,1) as the starting point for precoder design of full coherent 8 TX UL transmission.

3. Partial and Non-Coherent CB Design 
It has been agreed during RAN1-110bis, that for partially and non-coherent codebook design, NR Rel-15 UL 2TX/4TX codebooks and 8x1 antenna selection vector(s) should be used as a starting point, respectively. Partial and non-coherent CBs to be considered for multi-group (or panel, Ng>1) UE antenna layout where coherency is not ensured across the groups. When the UE cannot maintain phase coherence across all 8 TX ports, UL transmission on TX antennas will have to reflect this limitation in CBs. We need to design the CBs for those UEs which are partially or even non coherent. The antennas which are coherent should be considered as one group and the codebook weights corresponding cross-panels are considered as zeroes. In case of partial coherence, there could be number of possibilities on how many coherence groups can be formed from the 8Tx antennas. For the ease of codebook design, we prefer to start the CB design with Ng = 2 and then Ng = 4 can be followed.
In this paper, we consider the study with two groups of coherent antennas where in each group with 4 antennas are coherent and across the groups, coherency is not expected. In this scenario, the CBs of UL 8Tx can be constructed using Legacy 4Tx CBs. We present possible approaches for CB selection using the Legacy 4Tx CBs. For each rank, there are multiple approaches to select the precoder by using Legacy UL 4Tx CBs. In case of rank<5, we can use either of the panels to transmit all the layers or use both the panels by sharing the layers on each panel. We can concatenate multiple lower rank precoders or use a single precoder from Legacy 4Tx CBs corresponding to rank of the channel matrix over both or single panels respectively. 

Fig 2. Partially coherent antennas with Ng = 2
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Table I. Partially coherent CB possibilities with Ng = 2
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In Table I, we try to present the codebook construction for 8Tx using Legacy 4Tx precoders for rank < 5. Consider rank 3 CB construction of 8Tx using Legacy 4Tx, we can see that the rank 3 CBs can be prepared using multiple approaches as follows:
a. All the layers are transmitted from either one of panels, which implies that the rank 3 precoders  or  of 4Tx applied on either of the panels correspondingly and cross panel coefficients are nullified to prepare 8Tx CB.
b. On the other hand, CB for rank 3 can be constructed assuming that one of the panels will transmit one layer and the other one transmits remaining 2 layers. In such scenarios, the panel are applied with single and 2-layer precoders correspondingly and 8Tx CBs are constructed using the combination of 4Tx single and 2-layer CBs.
Thus, by considering both the approaches, we end up preparing huge search space of CBs for 8Tx partial coherent UE. To reduce the feedback overhead, we propose to consider only full coherent CBs of 4Tx to construct 8Tx partial coherent CBs. This is reasonable assumption as we consider coherency across the ports within the panel. We tabulate rank-wise number of precoders for Ng=2 using 4Tx CBs of Legacy. In the column of reduced search space, we consider only full coherent CBs of legacy 4Tx CBs because of the coherency within panel. 
Proposal 2: Prioritize the CB design for Ng = 2, specifically for partial coherent transmission.
Proposal 3: Partial coherent CBs of 8Tx can be constructed by distributing the layers across the panels or by using single panel. 
Observation 2: Considering all the legacy precoders for 8Tx partial coherent CB construction can lead to large signaling overhead.
Proposal 4: Consider only full coherent legacy 4Tx precoders for partial coherent 8Tx CB design to reduce the signaling overhead.

Table II. Total possible codebooks with two coherent groups (Ng=2).
	Rank 
	Total CB Entries

	Reduced CB Entries

	Rank 1
	56
	32

	Rank 2
	828
	272

	Rank 3
	1246
	264

	Rank 4
	886
	196

	Rank 5
	588
	128

	Rank 6
	269
	48

	Rank 7
	70
	16

	Rank 8
	25
	4




4. Full Power Transmission

Full power transmission on non-coherent and partial-coherent 8 Tx UE is to be supported and the solutions can be reused from Rel-16. Three modes of full power operation based on UE capability has been addressed in Rel-16 which can be extended for 8TX. Rel-16 full power modes can be used as a starting point for 8 TX full power mode design. However, on the maximum power rating issue, we strongly believe RAN1 is not in the position to decide the values. So, we propose to send LS to RAN4 to get more inputs on the maximum power rating of PA operation specifically for 8 TX UL transmission. We also believe given the limited time remaining to complete the remaining issue with regards to 8 TX UL operation we may need to down-select only one full power mode (capability) supported in R18 8TX to contain the effort needed for this feature.

Proposal 5: RAN1 to send LS to RAN4 enquiring about the PA power values which can be used for 8TX.
Proposal 6: Down select only one full power mode (Capability) for R18 8TX UL operation.



5. Conclusion

Observation 1: Unlike DL, increasing the DFT oversampling factor for purposes of full coherent 8 TX UL transmission precoder, does not result in significant performance improvement.
Observation 2: The feedback overhead is huge if all the Legacy precoders considered in 8Tx partial coherent CB construction.
Observation 2: Considering all the legacy precoders for 8Tx partial coherent CB construction can lead to large signaling overhead.

Proposal 1: Consider (O1, O2) = (1,1) as the starting point for precoder design of full coherent 8 TX UL transmission.
Proposal 2: Prioritize the CB design for Ng = 2, specifically for partial coherent transmission.
Proposal 3: Partial coherent CBs of 8Tx can be constructed by distributing the layers across the panels or by using single panel. 
Proposal 4: Consider only full coherent legacy 4Tx precoders for partial coherent 8Tx CB design to reduce the signaling overhead.
Proposal 5: RAN1 to send LS to RAN4 enquiring about the PA power values which can be used for 8TX.
Proposal 6: Down select only one full power mode (Capability) for R18 8TX UL operation.
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7. Appendix
	
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h  
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h  

	Parameter  
	Value  
	Value  

	Channel model  
	38.901  
	38.901  

	System bandwidth  
	20 MHz
	20 MHz

	gNB RX antenna setup and port layouts     
	Outdoor FWA: (8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8) 𝜆  
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8) 𝜆     
	Indoor FWA: (8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8) 𝜆  
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8) 𝜆  

	Antenna radiation pattern parameters  
	38.901  
	38.901  

	gNB receiver noise figure  
	5dB   
	5dB   

	gNB receiver  
	MMSE-IRC  
	MMSE-IRC  

	gNB scheduler  
	Single user with proportional fair  
	Single user with proportional fair  

	Modulation  
	-    Up to 256QAM    
	-     Up to 256QAM    

	MIMO scheme  
	SU-MIMO with rank adaptation  
	SU-MIMO with rank adaptation  

	UE speed  
	3 Km/hr
	3 Km/hr

	UE TX antenna configuration  
	To be defined according to outcome of Proposal 2.1  
	To be defined according to outcome of Proposal 2.1  

	CBs  
	Legacy Concatenated, DL Type I

	Legacy Concatenated, DL Type I


	Precoder granularity  
	Wideband  
	Wideband  

	Power control  
	Open loop, -    alpha = 0.8-    P0= -50 dBm 
	Open loop, -    alpha = 0.8-    P0= -80 dBm 

	UE power rating  
	32 dBm 
	23 dBm 

	Metric  
	UL mean-user throughput
	UL mean-user throughput



UMi

(4,4)	32Rx	64Rx	100	100	(2,2)	32Rx	64Rx	97	97.7	(1,1)	32Rx	64Rx	96.5	97	



UMa

(4,4)	32Rx	64Rx	100	100	(2,2)	32Rx	64Rx	97	98	(1,1)	32Rx	64Rx	97	98	
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