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1. Introduction
A new work item on MIMO was approved in [1], with the following objectives:
	1. 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.


In this contribution, we will discuss SRI, codebook, CW, and full TX power enhancement for enabling 8 TX UL transmission.
2. SRI enhancement for enabling 8 TX UL transmission 
In RAN1#109e meeting [2], it has been agreed that codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers can be studied.
	Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.


To enable 8 TX UL transmission, whether all the 1-8 layers UL transmission will be supported or only part of the layers will be supported has been discussed in RAN1#109e meeting, which has impact on the design of SRI and TPMI enhancement. To consider different use case and different channel condition of 8 TX UL transmission and consider the specification integrity and forward compatibility, we suggest to consider all the 1-8 layers UL transmission for 8 TX UE.
Proposal 1: Support maximal 8 layers UL transmission for 8 TX UE.
2.1 SRI for codebook based 8 TX UL transmission
In Rel-15, for codebook-based transmission, the UE may be configured with a single SRS resource set with usage set to 'codebook', and one or two SRS resources can be configured in this SRS resource set. The maximum number of SRS ports for each SRS resource is 4. When only one SRS resource is configured, the SRI field in DCI is absent. When two SRS resources are configured, 1 bit of SRI field in DCI is used to indicate the selected SRS resource.

For SRS enhancement for codebook based 8 Tx PUSCH transmission, two potential approaches have been discussed in agenda 9.1.3.2. The first approach is supporting 8 ports in one SRS resource, and similarly as Rel-15, configuring one or two SRS resources in an SRS resource set with usage set to 'codebook'. The second approach is supporting 8 ports in multiple resources. Multiple SRS resources can be linked together in one or multiple SRS resource sets to sound the 8 SRS ports for a PUSCH transmission, such as two 4-ports SRS resources, two 2-ports SRS resources, or one 2-ports SRS resource and one 4-port SRS resource. With the second approach, there is no need to specify 8-ports SRS resource. However, it may require additional restrictions, such as the offset between two SRS resources, and the consistency of transmission power and phase. So, we suggest to support 8 ports in one SRS resource, and configure only one SRS resource set for codebook-based PUSCH. Then, legacy SRI indication field can be used without specification enhancement, when only one SRS resource is configured, the SRI field in DCI is absent, when two SRS resources are configured, 1 bit of SRI field in DCI is reused to indicate the selected SRS resource.
Proposal 2: SRI field in Rel-15 can be reused for codebook based 8 TX UL transmission, when only one SRS resource is configured, the SRI field in DCI is absent, when two SRS resources are configured, 1 bit of SRI field in DCI is reused to indicate the selected SRS resource.
2.2 SRI for non-codebook based 8 TX UL transmission
In Rel-15, for non-codebook-based UL transmission, one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook', where the maximum number of SRS resources that can be configured for non-codebook-based UL transmission is 4, and only one SRS port is configured for each SRS resource. UE can determine its PUSCH precoder and transmission rank based on the SRI field in DCI. For example, when 4 SRS resources are configured for non-codebook-based UL transmission and the maximum number of layers for PUSCH given by Lmax is 4, then 4 bits are needed for SRI to indicate PUSCH precoder and transmission rank as shown in Table 7.3.1.1.2-31 in TS 38.212. 

Similar as SRS enhancement for codebook based 8 Tx PUSCH transmission, two potential approaches have been also discussed in RAN1#109e meeting. The first approach is supporting up to 8 SRS resources in SRS resource set with usage set to 'non-codebook'. To support up to 8 layers UL transmission, up to 8 bits are needed for SRI to indicate PUSCH precoder and transmission rank. The second approach is supporting 2 SRS resource sets with usage set to 'non-codebook', where up to 4 SRS resources are configured in each SRS resource set. Multiple SRS resource sets can be linked together to sound the 8 SRS ports for a PUSCH transmission. However, it may also require additional restrictions, such as the offset between two SRS resource sets, and the consistency of transmission power and phase. With the second approach, the legacy SRI field in DCI are doubled to support the indication of SRS resources from 2 SRS resource sets. However, based on 2 SRS resource sets and 2 SRI fields, 1+0, 2+0, 3+0, or 4+0 layer combinations are not available. So, we suggest to support up to 8 SRS resources in one SRS resource set for non-codebook-based PUSCH.
When the maximum number of layers for PUSCH given by Lmax is 8, then 8 bits are needed for SRI to include various combinations of SRS resources to indicate PUSCH precoder and transmission rank. The DCI overhead increases with the increasing of maximum number of layers for PUSCH given by Lmax. How to indicate up to 8 transmission rank and corresponding PUSCH precoder without increasing the SRI overhead can be further studied.
Proposal 3: How to indicate up to 8 transmission rank and corresponding PUSCH precoder without increasing the SRI overhead for non-codebook UL transmission can be further studied.
3. Codebook enhancement for enabling 8 TX UL transmission 
In RAN1#109e meeting [2], UE antenna layouts have been identified for codebook design.
	Agreement
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs.
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)

[image: image1.png]la

1b












Isotropic (Indoor/Outdoor FWA & Industrial)
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Isotropic (Indoor/Outdoor FWA & Industrial)

4 dBi, 110° HPBW(Indoor FWA & Industrial
· 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 Rel-15, for uplink, 2TX/4TX codebooks for up to 4 layers transmission using 4 antenna ports have been specified in TS 38.211, for downlink, Type I codebook for up to 8 layers transmission using maximum 32 antenna ports have been specified in TS 38.214. From our perspective, to support up to 8 layers UL transmission using 8 antenna ports, Rel-15 DL Type I codebook can be used as the starting point for design of the codebook for fully-coherent UEs. Based on Rel-15 DL Type I codebook, the following details should be discussed:
· The supported configurations of (N1, N2) for 8 TX fully-coherent UE: In RAN1#109e meeting [2], the possible antenna layouts for 8 TX fully-coherent UE have been agreed, where Ng=1 antenna groups (case 1) can be considered with 8 coherent antennas, or Ng>1 antenna groups (case 2 and case 3) can be considered where each group comprises coherent antennas, and across groups, antennas are also coherent. To consider the UE size, cross-polarized antenna configuration is more possible for fully-coherent UE. For Ng=1 antenna groups, the antenna structure can be N1=N2=2 or N1=4, N2=1 with the consideration of cross-polarization, and for Ng>1 antenna groups, since the antennas are coherent within and cross the groups, N1=N2=2 or N1=4, N2=1 are also assumed with the consideration of cross-polarization, where N1 represents the number of antenna ports for horizontal domain, and N2 represents the number of antenna ports for vertical domain. The total TX antenna ports are 2N1N2=8. 
[image: image4.png]X X

XX XX

X X

N=N=2 N=4,N,=1




Figure 1. Supported configurations of (N1, N2) for 8 TX fully-coherent UE
· Wideband codebook: Since only wideband based PUSCH transmission is supported, the polarization co-phasing parameter i2 for type 1 single panel codebook is not needed for UL codebook design.
· The supported configurations of over sampling factor (O1, O2): To consider the complexity of TPMI enhancement and the performance of UL transmission, the supported configurations of over sampling factor (O1, O2) can be discussed based on further evaluation results.
Proposal 4: Support Alt1-b: NR Rel-15 DL Type I codebook as the starting point for design of the codebook for 8TX fully-coherent UE.
Proposal 5: The supported configurations of (N1, N2) for 8 TX UE can be N1=N2=2 or N1=4, N2=1 with the consideration of dual polarization, and the supported configurations of over sampling factor (O1, O2) can be further discussed for the codebook design of 8 TX fully-coherent UE.
For partially-coherent UE, only Ng>1 antenna groups (case 2 and case 3) can be considered where each group comprises coherent antennas, and across groups, antennas are non-coherent. Since each group comprises 2 or 4 coherent antennas, Rel-15 UL 2TX/4TX codebooks can be used for the codebook design of each group. 
If same spatial vector can be assumed among different antenna groups, a common spatial vector can be indicated to UE based on Rel-15 UL 2TX/4TX codebooks, and an additional phase offset can be indicated to UE for generating the codebooks for each antenna groups. In Rel-15, all the full-coherent, partial-coherent, and non-coherent codebooks can be indicated to fully-coherent UE, both partial-coherent and non-coherent codebooks can be indicated to partially-coherent UE, only non-coherent codebook can be indicated to non-coherent UE. Hence, the common spatial vector and phase offset design should support to indicate both partial-coherent and non-coherent codebooks. Besides, considering that sometimes may be only part of antenna groups are used for transmission, so, the common spatial vector and phase offset design should support to indicate the codebook for part of antenna groups. Furthermore, for UE with 4 antenna groups, if only one antenna group is used, 1 layer and 2 layers should be supported, if two antenna groups are used, since the spatial vector are same for different groups, 2 layers and 4 layers should be supported, if three antenna groups are used, 3 layers and 6 layers should be supported, if four antenna groups are used, 4 layers and 8 layers should be supported. Similarly, for UE with 2 antenna groups, if only one antenna group is used, 1 layer, 2 layers, 3 layers and 4 layers should be supported, if two antenna groups are used, 2 layers, 4 layers, 6 layers and 8 layers should be supported. It should be noted that the total transmission layer for PUSCH is the total number of transmission layers from different antenna groups.
If different spatial vectors are assumed for different antenna groups, the codebooks for each antenna group are different, so multiple TPMIs should be indicated to UE for each antenna groups. It should be noted that the TPMI indication should support to indicate the codebook for part of antenna groups, and the total transmission layer for PUSCH is the total number of transmission layers from different antenna groups.
Proposal 6: Support Alt1-b: NR Rel-15 UL 2TX/4TX codebooks as the starting point for design of the codebook for partially-coherent UE.
Proposal 7: If same spatial vector can be assumed among different antenna groups, the common spatial vector and phase offset design should support to indicate both partial-coherent and non-coherent codebooks for partially-coherent UE, and indicate {1, 2, 3, 4, 6, 8} layers codebook. 
Proposal 8: If different spatial vectors are assumed for different antenna groups, multiple TPMIs should be indicated to UE for each antenna groups for partially-coherent UE.
For non-coherent UE, it is not capable of transmitting a single layer with multiple antennas, each precoding matrix in a non-coherent codebook shall be a port selection precoding matrix, with one port selected for each layer. Hence, 8x1 antenna selection vector(s) can be used for the design of codebooks for non-coherent UE.
Proposal 9: Support Alt1-b: 8x1 antenna selection vector(s) as the starting point for design of the codebook for non-coherent UE.
4. CW enhancement for enabling 8 TX UL transmission 
For up to 8 layers UL transmission, the MCS for different layers maybe different, and supporting separately retransmission of 2 TBs could reduce the retransmission overhead. Therefore, 2 CWs using individual MCS, RV and NDI are beneficial for 8 TX UL transmission. 2 CWs for downlink transmission could be used as a starting point for UL CWs design. Same as PDSCH transmission, when UL layers are less than or equal to 4, 1 CW is enabled, and when UL layers exceed 4, 2 CWs are enabled. For PUSCH codeword-to-layer mapping, Table 7.3.1.3-1 in TS 38.211 for PDSCH can be reused for PUSCH. For UL scheduling, when 2 CWs are enabled, individual MCS, RV and NDI are indicated for each CW in DCI, and the DMRS port indication table should be also modified with CW indication. When 2 CWs are enabled, PUCCH multiplexing procedure may also need discussion.
Proposal 10: Enable 2 CWs with individual MCS, RV and NDI for 8 TX UL transmission can be studied.
5. Full TX power enhancement for enabling 8 TX UL transmission 
In RAN1#109e meeting [2], it has been agreed that full power transmission for 8 TX UE can be studied.

	Agreement
Study full power transmission for 8TX UEs.
· Details are FFS upon completion of codebook design


In Rel-16, full TX power enhancement has been discussed for partially and non-coherent UE, where full TX power UL transmission mode can be configured by ul-FullPowerTransmission with fullpower, fullpowerMode1, or fullpowerMode2. For 8 TX UE, partial-coherent or non-coherent assumption may be also typical UE implementation, and the related full TX power enhancement should be also discussed. 
· For fullpower enhancement: For 8 TX UE that full rated PAs on each Tx chain is supported, similar as ul-FullPowerTransmission configured as fullpower in Rel-16, the power scaling factor is fixed to 1 for PUSCH power control.
· For fullpowerMode1 enhancement: When TPMIs for 8 TX UL transmission is designed, the new codebook subset of TPMIs that can be used for UL full power transmission should be discussed.
· For fullpowerMode2 enhancement:

· Antenna virtualization: For 8 TX UE, multiple SRS resources with different antenna ports can be supported for usage set to ‘codebook’ in a set, where the antenna ports of SRS resources can be 8 ports, 4 ports, 2 ports, or 1 port. When SRI field in DCI indicates the 8 ports SRS, full TX power is not available, when SRI field in DCI indicates 4 ports or 2 ports SRS, 4 TX or 2 TX non-coherent codebook is used for full TX power transmission, when SRI field in DCI indicates 1 port SRS, full TX power transmission can be realized by spatial diversity. Besides, to consider the overhead of SRI field in DCI, the supported maximum of SRS resources configured in a set with the usage set to ‘codebook’ is not increased, then a maximum of 4 SRS resources are supported for usage set to ‘codebook’ in a set same as Rel-16.
· Full TX power TPMI groups indication: When TPMIs for 8 TX UL transmission is designed, the TPMI(s) which can deliver UL full power should be discussed.
Proposal 11: Full power transmission for 8 TX UE with full rated PAs on each Tx chain can be discussed firstly, which is independent of codebook design.

6. Conclusion

Based on the above discussions, the observation and proposals are as follows:
Proposal 1: Support maximal 8 layers UL transmission for 8 TX UE.

Proposal 2: SRI field in Rel-15 can be reused for codebook based 8 TX UL transmission, when only one SRS resource is configured, the SRI field in DCI is absent, when two SRS resources are configured, 1 bit of SRI field in DCI is reused to indicate the selected SRS resource.

Proposal 3: How to indicate up to 8 transmission rank and corresponding PUSCH precoder without increasing the SRI overhead for non-codebook UL transmission can be further studied.

Proposal 4: Support Alt1-b: NR Rel-15 DL Type I codebook as the starting point for design of the codebook for 8TX fully-coherent UE.
Proposal 5: The supported configurations of (N1, N2) for 8 TX UE can be N1=N2=2 or N1=4, N2=1 with the consideration of dual polarization, and the supported configurations of over sampling factor (O1, O2) can be further discussed for the codebook design of 8 TX fully-coherent UE.

Proposal 6: Support Alt1-b: NR Rel-15 UL 2TX/4TX codebooks as the starting point for design of the codebook for partially-coherent UE.

Proposal 7: If same spatial vector can be assumed among different antenna groups, the common spatial vector and phase offset design should support to indicate both partial-coherent and non-coherent codebooks for partially-coherent UE, and indicate {1, 2, 3, 4, 6, 8} layers codebook. 
Proposal 8: If different spatial vectors are assumed for different antenna groups, multiple TPMIs should be indicated to UE for each antenna groups for partially-coherent UE.
Proposal 9: Support Alt1-b: 8x1 antenna selection vector(s) as the starting point for design of the codebook for non-coherent UE.
Proposal 10: Enable 2 CWs with individual MCS, RV and NDI for 8 TX UL transmission can be studied.

Proposal 11: Full power transmission for 8 TX UE with full rated PAs on each Tx chain can be discussed firstly, which is independent of codebook design.
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