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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, TPMI, CW, and full TX power enhancement for enabling 8 TX UL transmission.
2. SRI enhancement for enabling 8 TX UL transmission 
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 should be discussed firstly, 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 propose to consider all the 1-8 layers UL transmission for 8 TX UE.
Proposal 1: All the 1-8 layers UL transmission should be considered for 8 TX UL transmission.
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. 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. To support up to 8 layers UL transmission, up to 8 port SRS can be configured in SRS resource set with usage set to 'codebook'. Same as Rel-15, 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.
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.
To support up to 8 layers UL transmission, up to 8 SRS resources are configured for non-codebook based transmission. 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. TPMI enhancement for enabling 8 TX UL transmission 
In Rel-15, for uplink, TPMIs for up to 4 layers transmission using 4 antenna ports have been specified in TS 38.211, for downlink, type 1 single panel 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, type 1 single panel codebook could be used as a starting point for TPMI design. Based on type 1 single panel codebook, the following details should be discussed:
· The supported configurations of (N1, N2) for 8 TX UE: As shown in Fig. 1, the possible antenna structure can be N1=N2=2 or N1=4, N2=1 with the consideration of dual 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. 
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Figure 1. Supported configurations of (N1, N2) for 8 TX UE
· Wideband TPMI: 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 TPMI 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.
Observation 1: Rel-15 type 1 single panel codebook could be used as a starting point for TPMI enhancement for enabling 8 TX UL transmission.
Proposal 4: 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.
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 is 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 5: Enable 2 CWs with individual MCS, RV and NDI for 8 TX UL transmission can be further studied.
5. Full TX power enhancement for enabling 8 TX UL transmission 
In Rel-16, full TX power enhancement has been discussed for partial 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 6: Full TX power enhancement for enabling 8 TX UL transmission should be discussed for fullpower, fullpowerMode1, and fullpowerMode2.
6. Conclusion

Based on the above discussions, the observation and proposals are as follows:
Observation 1: Rel-15 type 1 single panel codebook could be used as a starting point for TPMI enhancement for enabling 8 TX UL transmission
Proposal 1: All the 1-8 layers UL transmission should be considered for 8 TX UL transmission.

Proposal 2: SRI field in Rel-15 can be reused for codebook based 8 TX UL transmission.

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: 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.
Proposal 5: Enable 2 CWs with individual MCS, RV and NDI for 8 TX UL transmission can be further studied.

Proposal 6: Full TX power enhancement for enabling 8 TX UL transmission should be discussed for fullpower, fullpowerMode1, and fullpowerMode2.
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