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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The following agreements were achieved in RAN1#109-e meeting to enable 8TX UL operation [1],
Agreement
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs.
Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.
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
· [bookmark: _GoBack]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 discuss SRI and TPMI enhancement to enable 8TX UL transmission.
2. Maximal 8 layers for 8TX UL transmission
With the introduction of 8TX for uplink operation, the maximum number of layers can be increased accordingly to fully utilize the spatial domain multiplexing and advanced signal processing.
System-level simulations are performed to evaluate the performance of maximal 4 layers and maximal 8 layers. The detailed simulation assumptions can be found in Appendix A. As shown in Figure 1, with modulation up to 64QAM and 256QAM, the percentages of UL transmission with rank larger than 4 are respectively 88.28% and 83.33% for P0 = -80 dBm, and 91.11% and 87.06% for P0 = -50 dBm. These results clearly show that supporting UL transmission with more than 4 layers is necessary.
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(a) Modulation up to 64QAM                      (b) Modulation up to 256QAM
Figure 1 UL rank distribution for 8TX UE
The throughput for maximal layers of 4 and 8 are shown in Figure 2. It can be observed that the throughput gains of maximal 8 layers than maximal 4 layers with up to 64 QAM and 256 QAM are respectively 16.52% and 15.91% for P0 = -50 dBm; and 13.46% and 8.54% for P0 = -80 dBm.
Based on the above observation, we have the following proposal. 
Proposal 1: Support maximal 8 layers for 8TX UL transmission.
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(a) Modulation up to 64QAM                  (b) Modulation up to 256QAM
 Figure 2 UL throughput of maximal 8 layers and maximal 4 layers for 8TX UE
3. SRI enhancement for enabling 8TX UL transmission
SRI has been used in both codebook (CB) and non-codebook (NCB) based uplink transmission. This section discusses the enhancement of SRI for both CB and NCB PUSCH.
1. 
2. 
3. 
3.1. CB based UL transmission

For CB based UL transmission, SRI is used to indicate the selected SRS resource for uplink transmission, which is of  bits. Whether enhancement is needed depends on the design of SRS design for 8 TX UL operation. In companion contribution [2], two options are discussed for SRS to enable 8TX. If the number of antenna ports in one SRS resource is increased to 8, then no enhancement is needed for SRI. Meanwhile, if two 4-port SRS resources are used for channel sounding of 8TX, then SRI should be enhanced to support it. 
Observation 1: Whether SRI enhancement for enabling 8TX in CB based UL transmission is needed depends on the SRS design for 8TX. 
3.2. NCB based UL transmission



For NCB based UL transmission, SRI is used to indicate one or more SRS resources fromSRS resources to UE, where UE uses the same precoder of selected SRS resource to transmit PUSCH. The SRI overhead is  bits, where Lmax is given by the maximum number of layers. For 4TX UE, is up to 4, and the maximum SRI overhead for 4TX UE is 4 bits. Because the number of candidate precoders of 8TX UE is up to 8, the maximum SRI overhead needs to be increased to 8 bits, which will result in a large DCI overhead for SRI. 
Observation 2: To support 8TX NCB based UL transmission, the legacy SRI field will introduce a large DCI overhead.
Proposal 2: SRI enhancement with overhead reduction to enable 8TX NCB based UL transmission should be supported.
4. Details on UL 8TX codebook design
4. 
4.1. UL 8TX codebook design
As agreed in RAN#109 meeting, fully-coherent, partially-coherent and non-coherent UEs need to be studied for UL 8TX transmission. It is also agreed that 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. For example, for UEs with large size and small antenna spacing with high correlation between eight antenna ports, full-coherence can be supported. In addition, for UEs with limited space, eight antenna ports may be allocated into two or four antenna groups, which are distributed at different sides of the UE equipment. Such UEs may have partial coherence antennas. To accommodate different UE antenna layouts, it is preferred to design an UL codebook of 8TX to support the three coherence types.
In RAN#109 meeting, it is agreed that NR Rel-15 UL 2TX/4TX codebooks and NR Rel-15 DL type I codebook are two candidate starting points for UL 8TX codebook.
1. 
1. 
1. 
1. 
3. 
0. Based on Rel-15 UL 4TX codebook
For UL 8TX codebook, a block-wise codebook can be considered, where each block is based on Rel-15 UL 2TX codebook or 4TX codebook. In this way, the 8 TX antenna ports are grouped into different blocks depending the correlation between each other. A co-phasing can be indicated between blocks, depending on the coherence between them. Figure 3 and Figure 4 show an example of UL 8TX codebook based on Rel-15 UL 4TX codebook, where 8 TX antenna ports are grouped into two blocks. Two blocks have the same codewords  and  selected from Rel-15 UL 4TX codebook, and a co-phasing coefficient  is indicated between two blocks. Because the maximal number of transmission layers in Rel-15 UL 4TX codebook is 4, two codewords  and  need to be indicated for more than 4 transmission. 
[image: ]
Figure 3 UL 8TX codebook for #layers<=4
[image: ]
Figure 4 UL 8TX codebook for 4<#layers <=8
If  and  are selected from fully coherent codewords, the above 8TX codeword is also fully coherent. If  and  are selected from partially coherent codewords, the above 8TX codeword support two partially coherent antenna groups. If  and  are selected from no-coherent codewords, the above 8TX codewords support four partially coherent antenna groups. Hence, such a codebook structure can directly support fully coherent and partially coherent UEs. With the indication of 8x1 antenna selection vector, no-coherent UEs can also be supported. 
0. Based on Rel-15 DL type I codebook
Rel-15 DL type I codebook is optimized for highly correlated dual-polarized pair and can be easily scaled to 8 or more ports. We can use the Rel-15 DL type I codebook with 8 port for the fully coherent portion of the 8 TX codebook. With the indication of 8x1 antenna selection vector, the partially coherent and no-coherent portion of the 8 TX codebook can be provided. 
4.2. Simulation results
System-level simulation is performed to evaluate the performance of two candidate codebooks for UL 8TX. The detailed simulation assumptions can be found in Appendix A. For Rel-15 DL type I, , , ，，codebookMode=1 are assumed. And for UL 4TX,  and  are selected from fully coherent codewords of Rel-15 UL 4TX codebook, and the number of co-phasing coefficient  is .
As shown in Figure 5 fully coherent antennas, when P0 = -50 dBm, the throughput gains of UL 4TX compared to DL type I is -1.26% at 32R and 2.32% at 64R. When P0 = -80 dBm, the throughput gains of UL 4TX compared to DL type I is -6.22% at 32R and -2.23% at 64R.
[image: ]
(a) 32R for gNB                                   (b) 64R for gNB
Figure 5 Average throughput comparison between “DL type I” and “UL 4TX” with fully coherent codewords
Observation 3: For fully coherent codewords, the average throughput of codebook based on DL type I is 1.26%~6.22% larger than that based on UL 4TX for 32R, and 2.32% less than or 2.23 larger than that based on UL 4TX for 64R.
Figure 6 shows the simulation results for 8TX UE with partially coherent antennas. For partial coherence, the antenna selection vector in Table 1 for rank 8 is used. It can be observed that when P0 = -50 dBm, the throughput gains of UL 4TX compared to DL type I is 26.49% at 32R and 51.54% at 64R. When P0 = -80 dBm, the throughput gains of UL 4TX compared to DL type I is 35.82% at 32R and 60.99% at 64R.
Table 1 The antenna selection vector for rank 8
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(a) 32R for gNB                                   (b) 64R for gNB 
Figure 6 Throughput comparison between “CB a” and “CB b” with partially coherent codewords
Observation 4: For partially coherent codewords, the average throughput of codebook based on UL 4TX is 26.49%~60.99% larger than that based on DL type I.
Since the performance of UL 4TX and DL type I is similar for full coherent codewords, and UL 4TX is significantly better than DL type I for partial coherent codewords. To have a unifed codebook for 8TX, we have the following proposal.
Proposal 3：Block-wise codebook based on legacy 2TX and 4TX UL codebook should be supported for UL 8TX.
5. UL precoder indication enhancement to enable UL 8TX
5.1. Discussion on field size of DCI precoder indication field 
In the existing NR specification, TPMI and TRI are jointly encoded to indicate the selected codeword and rank to UE, which is indicated by the “Precoding information and number of layers” field in DCI. For 4TX UE in Rel-15, the UL transmission layer per UE is up to 4. When the UL transmission layer for 8TX UE is increased to 8, the indication of TPMI and TRI will require a larger field than the legacy. In the existing NR specification, the maximum overhead of “Precoding information and number of layers” field is 6 bits. If UL 8TX codebook is designed based on Rel-15 UL 4TX codebook and reuse the legacy TPMI and TRI indication rule, the maximum size of “Precoding information and number of layers” field may reach up to 12 bits. If UL 8TX codebook is designed based on Rel-15 DL type I codebook with antenna selection vector and reuse the legacy PMI indication rule, the maximum indication overhead may exceed 12 bits. 
Observation 5: To support 8TX CB based UL transmission, the field size of TPMI indication field is increased by at least twice than legacy. 
5.2. Discussion on high-resolution UL precoder
To reduce the DCI payload, the existing Rel-15 UL 2TX/4TX codebook and Rel-15 DL Type I codebook, as well as the above mentioned UL 8TX codebook have limited number of codewords, resulting in a low-resolution precoder. 8TX introduces more spatial degree of freedom compared to 2TX and 4TX, which can improve the UL throughput. To maximize the throughput improvement introduced by 8TX, high-resolution precoder should be considered. 
Figure 7 and 8 show UL system-level simulation results for 8TX UE with up to 8 layers. The detailed simulation assumptions can be found in Appendix A. The label of EigenVector denotes that the precoder of each UE is from the eigenvectors of SVD decomposition of the channel matrix, which represents the upper bound of high-resolution precoder. It can be observed that “EigenVector” precoder can obtain 20~33% throughput gain compared with codebooks of DL type I.

[image: ]
(a) 64QAM                                           (b) 256QAM
Figure 7 Throughput for DL type I and EigenVector precoder at 32R

[image: ]
(a) 64QAM                                           (b) 256QAM
Figure 8 Throughput for DL type I and EigenVector precoder at 64R
Observation 6: High-resolution precoder such as eigenvector precoder can obtain 20~33% throughput gain compared with that based on DL type I for UL 8TX. 
5.3. Beamformed CSI-RS based UL precoder indication
As we have discussed above, the field size of DCI indication field for indicating 8TX codebook is increased by at least twice than legacy, that is at least 12 bits, which is a large overhead. In addition, high-resolution precoder will lead to unacceptable indication overhead with the legacy DCI indication method. Hence, it is essential to consider new UL precoder indication method to resolve the above issue.
Beamformed CSI-RS can resolve the issues of large DCI overhead, where CSI-RS is used to indicate the selected precoder by TRP to UE, instead of traditional DCI. Specifically, TRP transmits a beamformed CSI-RS with precoder WDL. Then after the TRP-UE channel H, UE can receive the CSI-RS as a vector PUL with dimension nRxx1 , where nRx is the number of receive antenna ports at UE. Then the received vector can be used as a UL precoder for UE.

By choosing the precoder WDL of CSI-RS, the selected precoder PUL can be indicated to UE with high precision. Because the CSI-RS overhead is not related to the number of codewords, we can design a high-resolution codebook with large codebook size. Even TRP can directly indicate a high-resolution precoder (such as “EigenVector” precoder) to UE without codebook. Note that the considered beamformed CSI-RS based UL precoder indication requires reciprocity between UL and DL channels, which can be used for TDD networks. 
To indicate the precoder of one layer, the above beamformed CSI-RS based UL precoder indication requires 1 CSI-RS port. For 8TX UL transmission with up to 8 layers, 8 CSI-RS ports are required, which occupies 8 resource elements. If we use the 8 resource elements to transmit DCI in PDCCH with QPSK modulation, the number of bits to be transmitted is typically 8*2*0.2=3.2, where 0.2 is a typical value of coderate in PDCCH. Compared to the DCI indication overhead in the above mentioned UL 8TX codebook, the overhead of beamformed CSI-RS based UL precoder indication is greatly reduced. 
With the beamformed CSI-RS, the overhead can be reduced and the resolution of indication can be increased. Therefore, we have the following proposal.
Proposal 4: The beamformed CSI-RS should be considered to indicate UL precoders to UE.

6. Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discusses the SRI, TPMI (including codebook) enhancement for enabling 8TX UL transmission, based on which the following observations and proposals are made.
Observation 1: Whether SRI enhancement for enabling 8TX in CB based UL transmission is needed depends on the SRS design for 8TX. 
Observation 2: To support 8TX NCB based UL transmission, the legacy SRI field will introduce a large DCI overhead.
Observation 3: For fully coherent codewords, the average throughput of codebook based on DL type I is 1.26%~6.22% larger than that based on UL 4TX for 32R, and 2.32% less than or 2.23 larger than that based on UL 4TX for 64R.
Observation 4: For partially coherent codewords, the average throughput of codebook based on UL 4TX is 26.49%~60.99% larger than that based on DL type I.
Observation 5: To support 8TX CB based UL transmission, the field size of TPMI indication field is increased by at least twice than legacy. 
Observation 6: High-resolution precoder such as eigenvector precoder can obtain 20~33% throughput gain compared with that based on DL type I for UL 8TX. 
Proposal 1: Support maximal 8 layers for 8TX UL transmission.
Proposal 2: SRI enhancement with overhead reduction to enable 8TX NCB based UL transmission should be supported.
Proposal 3：Block-wise codebook based on legacy 2TX and 4TX UL codebook should be supported for UL 8TX.
Proposal 4: The beamformed CSI-RS should be considered to indicate UL precoders to UE.
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Appendix A
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 500 m ISD

	Antenna setup and port layouts at TRP
	(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 setup and port layouts at UE
	(2,2,2,1,1,2,2) with (𝑑H, 𝑑V) = (0.5, 0.5)𝜆

	TRP antenna height
	30m

	TRP receiver noise figure
	5dB

	UE Tx power
	23 dBm

	UE antenna height
	3m

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	Modulation 
	up to 64/256QAM

	Bandwidth
	20 MHz

	MIMO scheme
	SU-MIMO 

	Rank
	Rank adaptation with up to 4/8 layers

	Traffic model
	Full buffer

	UE distribution
	100% outdoor (3km/h) 

	BS receiver
	MMSE-IRC

	Network Layout
	1*3 cell, 10 UE pre cell

	Precoder granularity
	Wideband

	Scheduling granularity
	4RB

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