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1. Introduction

In RAN1#90 meeting, UL transmission scheme is discussed with the following agreement:
Agreements:
· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15

· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI

· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains

· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains

· FFS: how UL MIMO precoding design takes into account the above capability
Agreements:

· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.
· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 
· FFS details
· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it

Agreements:
· For CP-OFDM waveform based PUSCH, operation with UL transmission diversity is transparent to specification
In this contribution, we discuss the design of UL transmission mode and corresponding DCI to support the agreed UL transmission schemes.
2. Discussion
It was agreed that three transmission schemes (transmit diversity, codebook based transmission and non-codebook based transmission) were supported in uplink for NR. Considering some UEs may have only single TXRU, single port transmission should also be supported in NR as in LTE. The four transmission schemes can be supported by defining limited transmission modes in NR.

For diversity transmission, it was agreed that for CP-OFDM, the transmission scheme is specification transparent. For DFT-S-OFDM waveform based PUSCH, the case is very similar to that in LTE. In LTE, single port transmission is used to obtain diversity gain for UE with multiple antennae via some implementation based transmission, e.g. precoder cycling or long-term precoding. There were an amount of evaluations on specified transmit diversity (e.g. SFBC) based on DFT-S-OFDM but no significant gain was observed over single port transmission. In NR, there is no significant difference and no strong motivation is found to reconsider standardized transmit diversity. Implementation based diversity transmission via single antenna port can be a sufficient complementation to codebook and non-codebook based transmission. If only transparent transmit diversity based on single antenna port is supported in NR, the same transmission mode and DCI design can be reused for single port transmission and transmit diversity.
For codebook and non-codebook based transmission, unified specification design is desirable. The main difference between the two schemes is the DCI content: TRI+TPMI+SRI for codebook based and SRI for non-codebook based (at least for wideband precoding). Considering the precoding scheme and DCI design is very similar, single transmission mode can be used to support both schemes like LTE downlink. The two schemes can be differentiated via different DCI formats or configured via RRC signaling. To support high speed or cell-edge UE capable for multiple port transmission, single antenna port mode can also be a fall back scheme of this transmission mode. 
Proposal 1:  Two transmission modes are introduced for NR uplink. 
· TM0: Single port transmission for single Tx and TxD (at least for CP-OFDM)
· TM1: Codebook or non-codebook based UL MIMO which can fall back to TM0
For TM0 to support single antenna port transmission and transparent transmit diversity, the operation at UE side is up to UE implementation. In the corresponding DCI, TRI, TPMI is not indicated and SRI may be still indicated. The 1 bit signaling for PRB bundling is possible for both schemes to support precoding cycling. In this case, single DCI format, e.g. DCI format 0, is sufficient for TM0. 

Antenna switching for SRS was agreed for single antenna port. Different transmit antennae can be mapped to the antenna port in different time, and switching among 2/4 antennae may be supported. SRS antenna switching can be beneficial for both downlink and uplink transmission. If antenna switching is enabled for a UE without UL beam sweeping (e.g. UE with 1 port and 2/4 antenna elements and working in sub-6G), gNB could indicate the recommended antenna index to UE for PUSCH transmission like LTE. One or two bits are needed for the transmit antenna indicator (TAI). The TAI can be carried by CRC scrambling of UL grant as in LTE or in a DCI field in the UL grant.
Proposal 2:  Single DCI format (DCI format 0) is sufficient for TM0.
Proposal 3:  The antenna indicator based on SRS antenna switching is carried by CRC scrambling or DCI field of the DCI format for TM0 if antenna switching is enabled.
For TM 1 to support codebook and non-codebook based transmission, the DCI design is impacted by many factors. The configurations that may impact the design of the DCI format(s) are discussed here.
· Whether codebook or non-codebook based transmission is used for PUSCH transmission. The transmission scheme could be configured via RRC signaling or differentiated via information field in UL grant. In the latter case, the same DCI size is used for the schemes but some of the fields could be different, e.g. 1 bit to indicate the scheme. TRI, TPMI (subband or wideband) and possible SRI would be indicated in the DCI for codebook based transmission, and only SRI would be indicated for non-codebook based (at least for wideband precoding). Some padding bits are needed for non-codebook based transmission if the same DCI size is applied. 
· The number of transmission antenna ports derived from RRC signaling or SRI. For codebook based transmission, the number of antenna ports assumed by TPMI is that of the SRS resource indicated by SRI in the same DCI. For non-codebook based transmission, the antenna ports could be derived from the number of SRS resources for CSI acquisition. For 2 ports and 4 ports cases, the payload of TRI and TPMI could be different, which would impact the DCI design.
· ON/OFF of frequency selective precoding for 4Tx. For 4Tx case, whether frequency selective precoding is enabled is configured by gNB. If subband precoding is applied, the DCI overhead may be significantly increased to indicate subband precoder/beam for both schemes. Some methods can be considered to reduce the overhead, e.g. differential indication for codebook based transmission [1] or no support of subband precoding for non-codebook based transmission [2]. 
· ON/OFF of antenna switching. It was agreed that antenna switching is supported for 2 ports SRS. If the antenna ports can be switched among more physical antennae (e.g. 4 Tx), some indicator may be needed to inform UE the optimal antennae to transmit PUSCH based on SRS antenna switching, at least for a UE without UL beam sweeping. Codebook or non-codebook based precoding could be operated based on the indicated transmit antennae. Like TM0, the indicator can be carried by UL grant via CRC scrambling or DCI field.
In Table 1, we summarize the estimated size of TRI/TPMI/SRI/TAI in corresponding UL grant with different configurations of above parameters. Additional payload for multi-panel related enhancement is not considered, e.g. TPMI across SRS resources. According to the table, the payload size would vary according to combinations of different MIMO configurations. Multiple DCI formats or single DCI format with different interrupts on some information field should be introduced for TM1 The DCI formats or interruptions of DCI field are differentiated via different MIMO configurations signaled by RRC signaling or front-load DCI field.
Table.1 The expected sizes of TRI/TPMI/SRI/TAI in UL grant with different MIMO configurations
	Transmission scheme
	Configurations
	DCI field

	
	Antenna port
	Frequency selective precoding/ antenna switching
	TRI(1)
	TPMI
	SRI
	TAI

	Codebook based TS
	2
	AS
	1 bit
	2/3 bits(2)
	FFS
	1-2 bits(6)

	
	
	No AS
	1 bit
	2/3 bits
	Log2(K) for each SRI(3)
	-

	
	4
	FSP
	2 bit
	M (>N) bits
	Log2(K) for each SRI(4)
	-

	
	
	No FSP
	2 bit
	N>2 bits
	Log2(K) for each SRI
	-

	Non-codebook based TS
	2
	AS
	-
	-
	FFS
	1-2 bits

	
	
	No AS
	-
	-
	~ 2bits
	-

	
	4
	FSP
	-
	-
	~4*L bits(5)
	-

	
	
	No FSP
	-
	-
	~ 4bits
	-


(1) TRI can be jointly encoded with TPMI
(2) may be decided by waveform for PUSCH transmission and codebook design
(3) K is the number of configured SRS resources

(4) Subband beam via SRI is not considered here

(5) L is the number of subband for frequency selective precoding
(6) may be carried by CRC scrambling
Proposal 4:  For TM1, multiple DCI formats or multiple interruptions of DCI field are differentiated via at least one of the following configurations signaled by RRC signaling or DCI field
· Codebook or non-codebook based transmission
· The number of transmission antenna ports
· ON/OFF of frequency selective precoding for 4Tx
· ON/OFF of antenna switching
Single only single layer is supported in TM0, both CP-OFDM and DFT-S-OFDM may be applied. DFT-S-OFDM should be supported since cell-edge UEs are important use cases of single port transmission. CP-OFDM could also be considered for the high speed UEs or single antenna UEs configured with single port transmission but located near the gNB. Therefore, it is proposed to support configurable waveform for TM0.
Generally, L1 parameters can configured through L1 or/and L3 signaling. On determining the waveform configuration signaling, it is important to figure out the scenarios where the waveform can be switched. When uplink is severely interfered by other cells, UE’s uplink transmission power may experience dramatic changes because the interference is up to the burst traffic. In such case, L1 signaling configuration of waveform is necessary because L3 signaling may not be that fast. Similarly, when uplink is on the high frequency band, the channel response may also change quickly, then using L1 signaling to switch the waveform is also necessary. Therefore, it is necessary to have L1 signaling configuration of waveform. While in many cases such as uplink channel condition and interference environment is stable, waveform configuration through L3 signaling makes sense. For example, RRC can configure an initial waveform for UE to use and latter gNB can use RRC re-configure to change the waveform. But it needs further study if there are any problems if both L1 & L3 signaling can configure/change the waveform. 

Proposal 5: The waveforms should be configurable at least for TM0. The configuration should support L1 signaling, and FFS for L3 signaling.
3. Conclusions
In this contribution, we discuss the design of uplink transmission modes and DCI formats to support the agreed MIMO transmission schemes. The proposals are summarized below.
Proposal 1:  Two transmission modes are introduced for NR uplink. 

· TM0: Single port transmission for single Tx and TxD (at least for CP-OFDM)
· TM1: Codebook or non-codebook based UL MIMO which can fall back to TM0
Proposal 2:  Single DCI format (DCI format 0) is sufficient for TM0.
Proposal 3:  The antenna indicator based on SRS antenna switching is carried by CRC scrambling or DCI field of the DCI format for TM0 if antenna switching is enabled.
Proposal 4:  For TM1, multiple DCI formats or multiple interruptions of DCI field are differentiated via at least one of the following configurations signaled by RRC signaling or DCI field
· Codebook or non-codebook based transmission
· The number of transmission antenna ports
· ON/OFF of frequency selective precoding for 4Tx
· ON/OFF of antenna switching
Proposal 5: The waveforms should be configurable at least for TM0. The configuration should support L1 signaling, and FFS for L3 signaling.
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