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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. Partial and Non-Coherent CB Design 
2.1 Partial coherent CBs for Ng=2
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 antenna 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 previous couple of RAN1 meetings RAN1-112bis and RAN1-113, we have discussed on the codebook design for partial coherent UEs with both Ng =2 and 4. In our view, the codebook design of partial coherent CBs is incomplete as there is lot of non-uniformity among number of precoders for full-coherent, partial, and non-coherent UEs. Based on the current agreements, we formulate the possible number of precoders for each rank and UE capability. We can see the below table that there is higher DCI overhead for partial coherent UEs. Further, we highlight increased precoders for rank 2 and 3 which will result in higher TPMI overhead. On the other hand, if we see the codebook distribution of Legacy 4TX UEs, full coherent UEs has higher spatial granularity with more number precoders and equivalent to that of partial and non-coherent UEs. To further handle the TPMI overhead, in this paper, we propose some updates to the codebook design in terms of restrictions in choosing the Legacy codewords for CB generation of Ng = 2 and 4. 

Observation 1: The TPMI overhead among UE capabilities ie. Full coherent, partial coherent and non-coherent is completely non-uniform. Partial coherent UEs to have significantly higher control overhead.

Proposal 1: Further restrictions on precoder possibilities are needed to contain to TPMI overhead of partial coherent UEs of both Ng (i.e., 2 and 4). 

Table I: Number of precoders for all UE capabilities based on agreements till now.
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In this paper, we discuss the possibilities of restricting the Legacy codewords that can be used for generation of 8TX partial codebooks of Ng = 2. The main goal of this approach is to maintain atleast uniformity across the UE capabilities. In Legacy 4TX, full-coherent UEs has been priority interms of higher spatial granularity. In 8TX as we understand that the coherency maintenance as import issue, partial and non-coherent UEs could be given equal priority. Thus, to have similar TPMI overhead, we propose to reduce the number of precoders for Ng=2 and 4. 

Before getting into the approach of 8TX partial codebook generation, we try to present the principles of Legacy 4TX full coherent codebook selection. 4TX full coherent CBs which are used for 8TX CBs generation of Ng = 2, are obtained from 2TX basis and co-phasing factors using formula of  where  and . In the below example of 4TX rank 1, the precoders are generated by choosing the basis and co-phasing factors from  and  using . Similarly, the rank 2 precoders of 4TX are obtained by choosing the 2TX beams  and  and using formula . 








Fig.1. Example for rank 1 and 2 full coherent CB of 4TX
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Observation 2: Legacy 4TX full coherent CBs are obtained from 2TX precoders and a co-phasing factor chosen from QPSK.


As we know the principles of precoder selection of Legacy 4TX, we can exploit the same principles in reducing the TPMI overhead of 8TX Ng=2. By restricting the co-phasing factors that can be used, we try to restrict the Legacy 4TX full coherent precoders that can be used for the CB generation of 8TX Ng=2. Instead of considering all the 4TX codewords that are obtained from co-phasing factors , we can consider the 4TX codewords generated from the co-phasing factors . This can be applied on the ranks where we see the number of precoders are still large. 

Proposal 2: A subset of Legacy 4TX full coherent codewords can be chosen in generating the 8TX Ng=2 codebooks. 
Proposal 3: Legacy 4TX full coherent codewords are generated from 2TX precoders and a co-phasing factor from QPSK. We can restrict the co-phasing factors to  instead of . Further, we can follow rank wise restrictions.

We present detailed approach with some example design for codebook generation for Ng=2 in Table II by restricting TPMI size to ≤6 bits for each rank. We choose to restrict to 6bits here for a reference design as it can align better with current full coherent and non-coherent UE design. In case of full coherent UE, it is agreed that to adopt DL Single Panel Type I CBs without oversampling resulting a maximum of 7bits TPMI overhead and ≤5bits for each rank. Similarly, non-coherent UE is restricted to TPMI overhead of 8bits and ≤7bits for each rank (see Table I). Thus, to maintain the uniformity in terms of DCI overhead, we prefer to restrict the TPMI size to 6 bits for partial coherent UEs and present a reference design in the following Table II. Also, we consider the all the layer split combinations in the below Table, that has been agreed so far. Port indexing has been ignored without the loss of generality in the below examples. 


Table II: CB generation procedure for Ng = 2
	Rank 1: Transmission on either of the coherency group antennas.
  where  
Example:  or  where  is the selected basis . 
Remark: Thus, total number of precoders are 32 and overhead size of rank 1 is 5bits if PMI is indicated separately.

	Rank 2: Support both “grouped transmission (within one coherency group)” and “Layer split transmission".
Grouped transmission: All layers on single group. To support grouped transmission of (2,0) and (0,2) as agreed in RAN1-112bis (shown in Table III).
  where  

Layer split: Layer split approach. To support layer split transmission of (1,1) as agreed in RAN1-112bis. 
Support always that the first layer transmission on first antenna group.
  where  ; 
Remark: Thus, the total number of precoders are restricted to 64 which include both grouped and layer split transmission.


	Rank 3: Support both “grouped transmission (within one coherency group)” and “Layer split transmission". 
Grouped transmission: All layers on single group. To support grouped transmission of (3,0) and (0,3) as agreed in RAN1-112bis.
  where  
 Layer split: Layer split approach. To support layer split transmission of (2,1) and (1,2) as agreed in RAN1-112bis. 
 where  

Remark: Thus, total of 64 precoders for rank3 is supported.

	Rank 4: Support both “grouped transmission (within one coherency group)” and “Layer split transmission".
Grouped transmission: All layers on single group. To support grouped transmission of (4,0) and (0,4) as agreed in RAN1-112bis.
 where   
Layer split: Layer split approach. To support layer split transmission of (2,2) as agreed in RAN1-113.
  where  

Remark: Total precoders for rank4 is 64 corresponding to 6bit overhead (which includes 1 bit to indicate between Grouped and Layer-split). 

	Rank 5: 
Layer split: Layer split approach where on each coherency group, similar load is applied. Thus, the number of layers on each coherency group differs maximum by 1. To support layer split transmission of [(2,3), (3,2)] as agreed in RAN1-113.
   where ; 

Remark: Total of 16 precoders considered for rank 5.


	Rank 6: 
Layer split: Layer split approach where on each coherency group, similar load is applied with equal number of layers. To support layer split transmission of (3,3) as agreed in RAN1-113.

  where ; 

Remark: A maximum of 16 precoders are supported for rank 6. 

	Rank 7: 
Layer split: Layer split approach where on each coherency group, similar load is applied. Thus, the number of layers on each coherency group differs maximum by 1. To support layer split transmission of [(4,3), (3,4)] as agreed in RAN1-113. 

 where 

Remark: Including all combinations, total precoders of 16 are supported.


	Rank 8: 
 where 

Remark: 8 precoders are supported for rank 8.




Based on the above Table II, we can generate the codebooks for Ng = 2 using a subset (or full set) of the 4TX full coherent precoders. We further propose to tabulate the above obtained precoders for each rank similar to Legacy 2Tx/4Tx precoders. Following this tabulated procedure where we jointly indicate the rank and PMI would be more efficient interms DCI overhead. As each rank has different number of precoders, it is efficient way to follow joint rank and PMI indication similar to Legacy.
Proposal 4: The precoder set generated by restricting some of the Legacy full coherent 4TX precoders is explained detail in Table II. Further the total obtained precoders for Ng = 2 can be tabulated in spec. according to rank similar to Rel-15.

In the last meeting, the working assumption has been made on the layer split over coherency groups for Ng=2 as the below table. We tabulate the possible number of precoders following Table III based on the agreements till now. It can be observed that there is still huge overhead for rank 2, 3 and rank 4 cases. Thus, our proposal to restrict in choosing a subset of Legacy 4Tx full coherent precoders to generate 8TX codebooks is more efficient approach to handle the TPMI overhead. 

Table III. Layer split on coherency groups for Ng=2
	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), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)









Table IV. Possible precoders 
	Rank
	Total Possible precoders w/o any restrictions
	Possible precoders based on current agreements
	Possible precoders based on our proposals in Table II

	1
	56
	32
	32

	2
	828
	272
	64

	3
	1246
	264
	64

	4
	886
	68
	64

	5
	588
	64
	16

	6
	269
	32
	16

	7
	70
	16
	16

	8
	25
	4
	8

	Total
	3968
	712
	280



The subset of full coherent 4Tx precoders can be selected to form 8Tx precoders. As we show that the 4Tx full coherent Legacy CBs can be assumed as co-phased beams where the basis and co-phasing factors are mentioned in Table II. Thus, from the basic principles, we can select some of the co-phasing factors thereby restricting some of the Legacy 4Tx full coherent precoders being used in generating 8TX precoders of Ng=2. This helps in containing the DCI overhead and the co-phasing factors can be chosen based on tradeoff between control overhead and performance. 
2.2 Partial coherent CBs for Ng=4

Table V: Possible layer distribution across coherency groups Ng=4.
	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups
(All possible permutations)

	3
	·  
	Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)

	5
	·  
	Transmission by 3 of the antenna groups:
(2,0,2,1), (0,2,2,1),  
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1)

	6
	·  
	Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,0,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1)

	7
	·  
	Transmission by 4 of the 4 antenna groups:
(2,1,2,2)




	Rank
	All layers in one Antenna Group
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	·  

	2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	Transmission by 2 of the 4 antenna groups:
(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1) 

	4
	·  
	(1,1,1,1)
Transmission by 2 of the 4 antenna groups:
(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)

	8
	·  
	(2, 2, 2, 2)




In case of Ng=4, we observe there is significant DCI overhead if we follow all the precoder combinations in the above table using the 2TX codewords. In this paper, we try to reduce the TPMI overhead by restricting the possible codewords and/or co-phasing factors that can be used for CB generation of Ng = 4.
Table VI: CB generation procedure for Ng = 4
	Rank 1: Transmission on either of the coherency group antennas.
 where  
Example:  or  where  is the selected basis  
Remark: Total number of precoders are 16.

	Rank 2: Support both “grouped transmission (within one coherency group)” and “Layer split transmission".
Grouped transmission: All layers on single group. To support grouped transmission of {(2,0,0,0), (0,2,0,0), (0,0,2,0) and (0,0,0,2)} as agreed in RAN1-113 (shown in Table V).
  where 

Layer split: To support layer split transmission of (1,1,0,0), (1,0,1,0), (1,0,0,1), (0,1,1,0), (0,1,0,1), (0,0,1,1) as agreed in RAN1-113. 
  where   and  is obtained by the equation where  and are elements of 
Remark: Total number of precoders: [8 (Grouped transmission) + 48 (Layer split)] = 56. 


	Rank 3: Support both “grouped transmission (atleast one coherency group is fully utilized for maximum number of layers)” and “Layer split transmission". 
Grouped transmission: To support grouped transmission of {(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1)} as agreed in RAN1-113. We present CB (0,0,2,1) in the below equation for reference.
 where   and  is obtained by the equation where  and are elements of selected 
 Layer split: To support layer split transmission of (1,1,1,0), (1,1,0,1), (1,0,1,1) and (0,1,1,1) as agreed in RAN1-113. 
 where  

Remark: Total number of precoders: [32 (Grouped transmission) + 24 (Layer split)] = 56

	Rank 4: Support both “grouped transmission (each coherency group is fully utilized with maximum number of layers inside coherency group)” and “Layer split transmission".
Grouped transmission: To support grouped transmission of {(2,2,0,0), (2,0,2,0), (2,0,0,2), (0,2,2,0), (0,2,0,2), (0,0,2,2)} and (0,4) as agreed in RAN1-112bis. Example of (2,0,2,0) is given below
  where ; 
Layer split: To support layer split transmission of {(1,1,1,1)} as agreed in RAN1-113.
  where  

Remark: Total number of precoders including both grouped transmission and layer split is 32 (24 grouped + 8 layer-split) which may require overhead of maximum 5bits. 

	Rank 5: 
Grouped transmission: To support grouped transmission of {(2,0,2,1), (0,2,2,1)} as agreed in RAN1-113. The basis precoders for grouped transmission that can be used are 
;  

Layer split: To support layer split transmission of {(1,1,2,1)} as agreed in RAN1-113. The basis matrices to generate Ng=4 of rank 5 split layer is 
 

Remark: Total number of precoders including both grouped transmission and layer split is 32 (16 grouped + 16 layer-split). 

	Rank 6: 
Grouped transmission: To support grouped transmission of {(2,2,2,0), (2,0,2,2)} as agreed in RAN1-113. The basis precoders for grouped transmission that can be used are 
; ;

Layer split: To support layer split transmission of {(2,1,2,1)} as agreed in RAN1-113. The basis matrices to generate Ng=4 of rank 5 split layer is 
 

Remark: Total number of precoders including both grouped transmission and layer split is 32 (16 grouped + 16 layer-split). 

	Rank 7: 
To support layer transmission of (2,1,2,2) as agreed in RAN1-113. The basis precoders for grouped transmission that can be used are 
; ;  


Remark: Total number of precoders including both grouped transmission and layer split is 16.

	Rank 8: 
To support layer transmission of (2,2,2,2) as agreed in RAN1-113. The basis precoders for grouped transmission that can be used are 
; ; ; 

Remark: Total number of precoders including both grouped transmission and layer split is 16. 



Proposal 5: In Table VI, details of codebook generation for Ng=4 based on the restrictions on Legacy codewords is presented. We propose total obtained precoders for Ng = 4 can be tabulated in spec. according to rank similar to Rel-15.

Table VII. Possible precoders 
	Rank
	Total Possible precoders w/o any restrictions
	Possible precoders based on current agreements
	Possible precoders based on our proposals in Table VI

	1
	16
	16
	16

	2
	104
	104
	56

	3
	352
	304
	56

	4
	664
	280
	32

	5
	704
	160
	32

	6
	416
	80
	32

	7
	128
	32
	16

	8
	16
	16
	16

	Total
	2400
	992
	256




Proposal 6: Joint rank and PMI indication similar to Rel-15 is supported.

3. 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 as discussed in previous meetings. Three modes of full power operation based on UE capability has been addressed in Rel-16. It has been agreed to extend these modes for UL 8TX. There are some pending issues on extending three modes for UL 8TX. As Mode 0 is straight forward assuming all PAs are full power capable, Mode 0 has been agreed to support with power scaling. In case of Mode 1 operation, we need to identify full coherent CBs that can be used for non-coherent or partial coherent UEs. We prefer to support atleast one full coherent precoder for non-coherent UEs for each rank.

The operation of Mode 2 is based on combining the power of ports by antenna virtualization or by selecting the ports using multiple SRS resources. Examples of PA configurations supported by Mode 2 can be [23 14 14 14 14 14 14 14 14] or [14 14 14 14 14 14 14 14 14] where atleast one of the PA is full power rated or none of the PAs are full power rated. Thus, SRS resource sets with any or all of 1, 2, 4, and 8 SRS resources can be supported by UEs that virtualize any or all ports.
Proposal 7:  Support  precoder for non-coherent and partial coherent (both Ng = 2 and 4), when UE is configured to support Mode 1. 



4. Conclusion

Observation 1: The TPMI overhead among UE capabilities ie. Full coherent, partial coherent and non-coherent is completely non-uniform. Partial coherent UEs to have significantly higher control overhead.
Observation 2: Legacy 4TX full coherent CBs are obtained from 2TX precoders and a co-phasing factor chosen from QPSK.


Proposal 1: Further restrictions on precoder possibilities are needed to contain to TPMI overhead of partial coherent UEs of both Ng (i.e., 2 and 4). 

Proposal 2: A subset of Legacy 4TX full coherent codewords can be chosen in generating the 8TX Ng=2 codebooks. 
Proposal 3: Legacy 4TX full coherent codewords are generated from 2TX precoders and a co-phasing factor from QPSK. We can restrict the co-phasing factors to  instead of . Further, we can follow rank wise restrictions.

Proposal 4: The precoder set generated by restricting some of the Legacy full coherent 4TX precoders is explained detail in Table II. Further the total obtained precoders for Ng = 2 can be tabulated in spec. according to rank similar to Rel-15.

Proposal 5: In Table VI, details of codebook generation for Ng=4 based on the restrictions on Legacy codewords is presented. We propose total obtained precoders for Ng = 4 can be tabulated in spec. according to rank similar to Rel-15.

Proposal 6: Support Joint rank and PMI indication as it is efficient TPMI indication approach in case of varied number of precoders for each rank.

.
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6. 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
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