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Introduction
In RAN1#109 e-meeting, SRI and codebook enhancement for uplink 8 Tx transmission was discussed with the following agreements:
Agreement
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs .
 
Agreement
Study full power transmission for 8TX UEs .
· Details are FFS upon completion of codebook design

Agreement
Adopt the following Table as the reference EVM for LLS evaluation
· Companies may provide additional evaluation results per their case of interest
· LLS is optionally used for 8Tx UL evaluation, if needed
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz, 100 MHz

	Scheduled PRBs
	5, 25, 50, 260 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
 
	(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
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

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

	UE speed
	3 Km/h

	Number of Layers
	Adaptive, Fixed (reported by company) 

	AMC
	Adaptive, Fixed (reported by company) 

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-A (30ns), CDL-B (100ns), CDL-C (300ns)


  
Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.

R1-2205221	FL Summary on SRI/TPMI Enhancements; Second Round	Moderator (InterDigital Inc.)

Agreement
Adopt the following Table as the reference EVM for SLS evaluation.-
· Companies may provide additional evaluation results per their case of interest.
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h

	
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h

	
	Industrial (38.901): Indoor Office (Inh ), 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	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
 
Industrial:
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
 
Industrial:
IMT.2412 Table 10,5 dBi , 90° HPBW
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

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

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested low/high RU of values of 20% and 70%
-   Full buffer (optional) 

	Suggested benchmarking
	R15 UL 4-Tx codebook , 
Eigen-based, companies report PRG assumption 

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  
to be selected according to the deployment scenario 

	UE power rating
	23 dBm (UE, 38.101)
32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT



Agreement
For 8TX UE, consider the following UE antenna layouts for codebook design,
· For non-coherent UEs, consider linear array (1D/2D) of cross-polarized or single-polarized antenna configuration
· For fully/partial-coherent UEs, consider linear array (1D/2D)
· Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
· Ng>=1 antenna groups can be considered where each group comprises coherent antennas, and across groups, antennas can be non-coherent/coherent depending on device types
· An example of an antenna group is a panel
· Within an antenna group, antenna elements are uniformly spaced. Across different antenna groups, companies to provide details.
· Additional information for definition of antenna layout 
· Based on the number of coherent groups, following exemplary cases can be considered where, within each group, antenna elements are spaced by 0.5λ, and then dG-H, dG-V represent the horizontal and vertical spacings between the centers of adjacent antenna groups, respectively 
· Further down-selection can be done in the next meeting, if needed 
· The shown exemplary placing of antenna groups can be used for evaluation purpose, but the codebook design is not restricted to shown cases. 
· Other antenna layouts for other use cases are not precluded.
· To start companies may report their results according to their preferred layout.
· 

	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
	
	· Isotropic (Indoor/Outdoor FWA & Industrial)
·  
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
	
	· Isotropic (Indoor/Outdoor FWA & Industrial)
·  
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	· Isotropic (Indoor/Outdoor FWA & Industrial)
·  
4 dBi, 110° HPBW(Indoor FWA & Industrial


·   
· o   Other UE antenna assumption for the purpose of evaluation
	 
	Outdoor FWA
	Indoor FWA
	Industrial

	UE antenna height
	6, 3 m (To start)
	According to 36.873
	According to 38.901



Agreement
For 8TX UE codebook-based uplink transmission, down-select one of
· Alt1-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully/partially-coherent UEs
· Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
· Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt2-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) in combination with those based on NR Rel-15 DL Type I codebooks as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt3:
· Study NR Rel-15 DL Type I codebook as the starting point for design of codebook for fully/partially/non-coherent UEs
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.
In this contribution, we further discuss the codebook design and DL signaling design to support 8Tx uplink transmission.
Discussion
1.1. Codebook design for 8 Tx uplink
Three coherent assumptions are considered for 2Tx and 4Tx codebook in NR: fully-coherent, partial-coherent and non-coherent. For 8Tx, we have the following considerations for codebook with different coherent assumptions:
· For fully coherent codebook, the codebook design should consider practical antenna patterns. Cross-polarized antenna layout, which was used as assumption in Rel-15, should have higher priority than single-polarized antenna layout. At least for uniform linear array similar to downlink 8Tx, DL 8Tx Type 1 CB with wideband beam and co-phasing can be considered as baseline. To further reduce the DCI overhead, evaluation is needed to study whether the beam number and/or co-phasing can be reduced with minimized performance impact. For the values of N1 and N2, whether other values than (4,1) and (2,2) need to be supported can be further studied, e.g. for antenna layout 3-a and 3-b. Considering the UE complexity and standardization effort, a unified codebook design applicable to all possible antenna layouts is preferred, and the size of uplink codebooks should also be restricted.
· For partial-coherent codebook, cross-polarized antenna layout should also have higher priority. The partial-coherent codebook can be derived from DL 8Tx Type 1 CB based on some processing, e.g. element selection, or derived from UL 2Tx/4Tx codebook by adding of zero elements or multiplying with another vector. Considering 8Tx partial coherent codebook is extension of 4 Tx codebook and 2Tx full coherent codebook, it would be straightforward to design the codebook based on current 2Tx/4Tx codebook. A basic assumption is that each group of cross-polarized antennae should be coherent, and two groups cross-polarized antennae can be coherent or non-coherent.
· From UE antenna architecture, it seems a very corner case that the 8 TXRUs of one UE are fully non-coherent considering dual-polarization antenna array is very likely to be applied to limit antenna size. If UE with single-polarized antenna array is considered, non-coherent codebook can be supported for this type of UE. For non-coherent case, one different antenna should be selected for each layer. The codebook should indicate a 8x1 antenna selection vector for each layer. Considering the number of possible antenna combinations is considerable, the codebook size should be restricted via selection of partial combinations. 
In this section, we provide some evaluation results for 8Tx codebook design. Different codebook designs for rank 1 coherent CB are compared with antenna layout 1a, 1b and 2b. The following cases are simulated:
· DL 8Tx Type 1 CB with wideband beam and co-phasing. Different number of beams and co-phasings are also evaluated for DL 8Tx CB.
· UL 4Tx CB is applied to the first 4 ports and last 4 ports with QPSK co-phasing between the two CBs.
· Two independent UL 4Tx CBs are respectively selected for two antenna groups.
The detailed simulation assumptions can be found in appendix. Though SLS was agreed as baseline for evaluation of 8Tx codebook design, we still use LLS considering that the performance difference between schemes is very small, which is difficult to be observed in SLS. It should be also noticed that LLS was used for evaluation of uplink 2/4Tx CB in Rel-15.
[image: ]
Fig.2: Performance of different codebooks with uniform linear array (layout 1-a)
[image: ]
Fig.3: Performance of different codebooks with uniform linear array (layout 1-b)
[image: ]
Fig.4: Performance of different codebooks with clustered linear array ((layout 2-b)
From the results, it can be observed that:
· The codebook with best performance may vary with different antenna arrays. 
· The number of beams can be reduced for signaling reduction if DL 8Tx type 1 CB is reused. 
· The performance of DL 8Tx Type 1 CB is robust in different antenna arrays with assumption of the same codebook size.
Proposal 1: Strive for a unified codebook design applicable to all considered antenna layouts.
Proposal 2: For full-coherent codebook with uniform linear antenna array of 8 ports,
· Prioritize linear array of cross-polarized antenna configuration
· NR DL 8Tx Type 1 CB (wideband beam and co-phasing) is used as baseline with less beams.
Proposal 3: For partial-coherent 8 ports codebook,
· Prioritize linear array of cross-polarized antenna configuration
· Support codebook design based on Rel-15 UL 2TX/4TX codebooks
· Each group of cross-polarized antennae is assumed to be coherent, and two groups of cross-polarized antennae can be coherent or non-coherent.
Proposal 4: For non-coherent 8 ports codebook,
· Prioritize linear array of single-polarized antenna configuration
· Support 8x1 antenna selection vector for each layer with restricted codebook size 
1.2. TRI/TPMI for 8 Tx uplink
For uplink 8Tx transmission, further enhancement to TRI and TPMI indication is needed. For TRI, the indication should support up to 8 layers transmission. For TPMI, the signaling should support new 8 port codebook. In current DCI format 0_1 and 0_2, the TRI and TPMI are jointly encoded for 2 ports and 4 ports transmission. For 8 ports transmission, the sum of codebook size is expected to be significantly larger than that of 4 ports (e.g. up to 256 codewords for 8Tx rank1), and the joint encoding may lead to the mapping table design very complicated. Furthermore, compared to single stage codebook for 2/4 Tx, dual-stage codebook similar to DL (e.g. DL 8Tx type 1 CB) may be introduced for 8Tx. For example, the TPMI may include separate beam information and co-phasing information. In this case, joint encoding of TRI and TPMI may not be appropriate for TPMI indication. Separate indication of TRI and TPMI for 8Tx uplink can be considered. 
Proposal 5: Consider separate indication of TRI and TPMI if two-stage codebook is agreed for 8 Tx uplink.
1.3. SRI for 8 Tx uplink
In current codebook-based uplink transmission, SRI can indicate one SRS resource from up to two SRS resources. To support 8 port codebook transmission, the number of antenna ports within one SRS resource should be extended to 8. In this case, no SRI enhancement is needed at least for non-full-power transmission. If full power transmission mode 2 is supported, one SRS resource set may include up to 4 or more SRS resources with 1, 2, 4 or 8 ports. Whether 2 bits SRI information is needed for this case needs further study. 
For non-codebook-based transmission, up to 8 SRS resources can be configured in one SRS resource set. In this case, the SRI information should be enhanced to indicate up to 8 SRS resources to support up to 8 layers transmission. If current indication method for 4Tx is reused, e.g. a larger table is introduced for 8 Tx to support any SRS resource combinations, the standardization complexity may be unacceptable, considering the considerable number of possible SRS resource combinations. For example, for the case with 8 SRS resources for non-codebook, there can be up to 256 combinations for Lmax=8. Therefore, a new method for SRI indication can be considered taking signaling overhead and standardization complexity into count. 
Proposal 6: Introduce SRI enhancement to indicate up to 8 SRS resources for non-codebook uplink transmission, considering signaling overhead and standardization complexity. 
Conclusion
In this contribution, we discuss the possible enhancement to codebook design and TRI/TPMI/SRI indication for 8 Tx uplink transmission. To summarize, we have the following proposals:
Proposal 1: Strive for a unified codebook design applicable to all considered antenna layouts.
Proposal 2: For full-coherent codebook with uniform linear antenna array of 8 ports,
· Prioritize linear array of cross-polarized antenna configuration
· NR DL 8Tx Type 1 CB (wideband beam and co-phasing) is used as baseline with less beams.
Proposal 3: For partial-coherent 8 ports codebook,
· Prioritize linear array of cross-polarized antenna configuration
· Support codebook design based on Rel-15 UL 2TX/4TX codebooks
· Each group of cross-polarized antennae is assumed to be coherent, and two groups of cross-polarized antennae can be coherent or non-coherent.
Proposal 4: For non-coherent 8 ports codebook,
· Prioritize linear array of single-polarized antenna configuration
· Support 8x1 antenna selection vector for each layer with restricted codebook size 
 Proposal 5: Consider separate indication of TRI and TPMI if two-stage codebook is agreed for 8 Tx uplink.
Proposal 6: Introduce SRI enhancement to indicate up to 8 SRS resources for non-codebook uplink transmission, considering signaling overhead and standardization complexity. 
References
[1] RP-213598, New WID: MIMO Evolution for Downlink and Uplink, Samsung (Moderator), 3GPP TSG RAN Meeting #94e, Dec. 6th – 17th, 2021.
Appendix
Table 1: Simulation assumption 
	Parameter
	Assumption

	Carrier frequency
	3.5GHz

	SCS,
	30kHz

	Channel model
	CDL-C in TR 38.901 with 300ns delay spread 

	System BW
	20MHz

	UE speed
	3km/h

	PRBs
	50

	Number of UE antennas 
	Layout 1-a: 8Tx with (M, N, P, Mg, Ng) = (1,4,2,1,1), (dH, dV) = (0.5, 0.5) λ,
Layout 1-b: 8Tx with (M, N, P, Mg, Ng) = (2,2,2,1,1), (dH, dV) = (0.5, 0.5) λ,
Layout 2-b: 8Tx with (M, N, P, Mg, Ng) = (1,2,2,1,2), (dH, dV) = (0.5, 0.5) λ, dgH=2λ,

	Number of gNB antennas
	8Rx with (M, N, P, Mg, Ng)  = (2,2,2,1,1), (dH, dV) = (0.5, 0.5) λ,

	Precoding 
	Wideband

	SRS periodicity 
	4 slots

	SRS Comb
	[bookmark: _GoBack]Comb 2+ CDM4 

	Rank
	1

	AMC
	on

	HARQ
	on

	Metric
	Throughput
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