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TEI proposal #1
Source:       vivo, ZTE, CMCC, Samsung
Title:	Support of 2 Tx codebook configuration to 4Tx capable UE in UL
1. Discussion
Rel-15 NR specified 4Tx UL MIMO transmission while supporting various UE implementations. Depending on hardware implementation, UE Tx chains could be fully-coherent, partially-coherent or non-coherent and hence corresponding codebook subsets are specified. Rel-15 also supports coherent or non-coherent codebook subsets for 2Tx UL MIMO corresponding to coherent or non-coherent Tx chains capability. If an UE is capable of coherent 4Tx chains supporting coherent codebook subset for 4Tx UL MIMO, it can be straight forward to assume that the same UE can support coherent codebook subset for 2Tx UL MIMO from 2 out of 4 antennas; similarly UE supporting non-coherent 4Tx codebook subset can support non-coherent 2Tx codebook subset. However, for an UE capable of partial-coherent 4 Tx chains, it could support either coherent 2Tx codebook subset with 2 coherent Tx chains or non-coherent 2Tx codebook subset with 2 non-coherent Tx chains. 
In 38.214, following is specified,
“A UE reporting its UE capability of 'partialAndNonCoherent' transmission shall not expect to be configured by either codebookSubset or codebookSubsetForDCI-Format0-2 with 'fullyAndPartialAndNonCoherent'.”
The intention of the above statement is to prevent gNB configuring 4Tx full-coherent codebook subset to an UE capable of 4Tx partial-coherent chains. It is not clear from the current spec whether 2Tx coherent codebook subset can be configured for an UE supporting 4Tx partial codebook subset.

Motivation and proposals:
gNB may configure 2-port SRS for an UE supporting 4Tx in UL for different reasons; it could be for UE power saving purpose, gNB may configure fewer number of SRS ports than max number of ports UE supported in different BWPs, or it could be due to overall SRS overhead in the cell. 
For 4Tx partial-coherent UE not supporting Rel-16 UL full power transmission, if configured with 2-port SRS, maximum deliverable output power could be different with coherent codebook subset and non-coherent codebook subset. Let’s assume PC3 UE, 2Tx non-coherent codebook subset contains only antenna selection TPMIs, that means the maximum output power for rank=1 transmission is scaled by 1/4, if 2Tx coherent codebook subset can be configured then the maximum output power for rank=1 transmission with non-antenna selection TPMIs is scaled by 2/4 since there are 2 non-zero PUSCH ports, which means 3dB more power. 
For example, as shown in figure 1 below, for 4Tx partial-coherent UE (with 17dBm PAs), by virtualizing 2 antennas it can operate as 2Tx coherent or non-coherent UE. If it is assumed 2Tx non-coherent UE after virtualization, due to power scaling mechanism, for rank=1 transmission the maximum output power is 1/4 of Pc_max, i.e. 17dBm for PC3 UE and if assuming 2Tx coherent UE after virtualization, the non-antenna selection TPMIs can deliver 1/2 of Pc_max, i.e. 20dBm for PC3 UE. On the other hand, if such an UE chooses two coherent antenna pair without antenna virtualization for 2Tx operation, the non-antenna selection TPMIs can also deliver 1/2 of Pc_max. 
[image: ]
Figure 1, 4Tx partial-coherent UE operating as 2Tx UE

Hence, following proposal is made.

Proposal 1:
· For 4Tx partial-coherent capable UE, 2Tx coherent codebook subset is supported when the network configures 2-port SRS (for codebook) and SRS resource set includes 1 SRS resource or configured with same number of ports for all resources.
· Introduce a new UE capability  

Conclusion:
In this contribution, we discussed the motivation and use case of configuring fewer number of SRS ports for an UE supporting larger number of Tx chains. For a 4Tx partial-coherent UE not supporting Rel-16 UL full power, 2 port SRS and 2Tx coherent codebook subset can be configured, hence following is proposed.
Proposal 1:
· For 4Tx partial-coherent capable UE, 2Tx coherent codebook subset is supported when the network configures 2-port SRS (for codebook) and SRS resource set includes 1 SRS resource or configured with same number of ports for all resources.
· Introduce a new UE capability  
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TEI proposal #2
[bookmark: _GoBack]Source:        vivo, Spreadtrum Communications, Lenovo, NTT DOCOMO, Qualcomm
Title:           Support for dynamic switching of waveform in UL
1. Introduction
NR supports two waveforms in UL, DFT-s-OFDM and CP-OFDM. DFT-s-OFDM supports single layer transmission while CP-OFDM can support multi-layer UL transmission. However, network semi-statically configures waveform for UL transmission, that means even though a UE supports multiple Tx antennas, if configured with DFT-s-OFDM waveform, only supports single layer transmission. For this reason, network configures CP-OFDM waveform for UL transmission to exploit UL MIMO transmission. When the UE is at cell edge, DFT-s-OFDM waveform provides better coverage due to power efficiency. Although current specification supports RRC (re) configuration of waveform, which is not only slow but it was noticed from logs in real network that DFT-s-OFDM waveform is never configured. 
In current specification (38.214 section 6.1.3), following is specified: For PUSCH transmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, C-RNTI, or MCS-C-RNTI or SP-CSI-RNTI:
-	If the DCI with the scheduling grant was received with DCI format 0_0, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the higher layer configured parameter msg3-transformPrecoder. 


In the case of msg3-transformPrecoder is enabled and transformPrecoder in PUSCH-config is disabled, dynamic waveform switching is supported when different DCI formats are used to schedule UL transmission, i.e. DCI format 0_0 or 0_1. Although dynamic waveform switching is supported in some sense, there is much more restriction on scheduling with fallback DCI (DCI format 0_0). In order to reap benefit of both UL MIMO transmission with CP-OFDM and power efficiency with DFT-s-OFDM, it is beneficial to support dynamic switching of waveform in UL transmission. 

Dynamic switching between DFT-s-OFDM and CP-OFDM
To support dynamic switching of UL waveform, few alternatives can be considered. 
Alt1: DCI signaling based dynamic UL waveform switching, it could be implicit or explicit 
Alt1-1: Explicit signaling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH
Alt1-2: Implicit signaling, e.g. CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH is identified by certain condition on the scheduling information in the DCI without changing DCI format. 
Alt2: MAC CE signaling based dynamic UL waveform switching

An example of implicit signaling of UL waveform switching without changing DCI format is discussed below. When a UE, which supports multiple Tx antennas, is configured with transformPrecoder in PUSCH-config “disabled”, the UE applies CP-OFDM waveform or DFT-s-OFDM waveform depending on scheduling information in the DCI. For example, if the FDRA in the DCI scheduling PUSCH transmission indicates contiguous resource blocks and satisfies 
	[image: ]

where  is a set of non-negative integers, the UE applies DFT-s-OFDM waveform otherwise CP-OFDM waveform is applied according to RRC configuration. Another condition, for example, could be modulation and coding scheme field in the DCI, since DFT-s-OFDM is beneficial at the cell edge, which means lower MCS will be used. When the indicated MCS in the scheduling DCI is lower than certain value, or certain modulation order (e.g. QPSK), then the UE applies DFT-s-OFDM waveform otherwise CP-OFDM waveform is applied according to RRC configuration. Other conditions such as indicated DMRS, transmission rank etc can also be used for implicit indication of UL waveform switching. Following options can be considered.  
Opt.1: waveform is DFT-S-OFDM if contiguous PRB allocation and multiple value of 2, 3, 5, else CP-OFDM. 
Opt.2: waveform is DFT-S-OFDM if MCS is lower than threshold, else CP-OFDM.
Opt.3: waveform is CP-OFDM if PUSCH and DMRS is FDMed (based on ‘Number of DMRS CDM group(s) without data’), else DFT-S-OFDM.
Opt.4: waveform is CP-OFDM if more than one layer/rank are indicated, else DFT-S-OFDM.
One or multiple conditions can be used to determine whether the UE applies DFT-s-OFDM waveform in UL transmission. 

Various fields in the DCI are determined based on RRC configurations, and the size doesn’t change while dynamically indicating DFT-s-OFDM or CP-OFDM waveforms UL transmission. Some of the fields may require different interpretation when the UL waveform is indicated as DFT-s-OFDM.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusions
[bookmark: _Hlk83987520]It is proposed to support dynamic switching of UL waveform to reap benefits of both UL MIMO and UE power efficiency for enhanced coverage. Implicit signaling could be a simple solution, when the UE is configured with transformPrecoder in PUSCH-config “disabled”, the UE applies DFT-s-OFDM waveform for UL transmission based on certain information fields in the scheduling DCI, e.g. FDRA, MCS, DMRS, transmission rank etc. 
Consider following alternatives for discussion, and agree on one of the alternatives. 
Alt1: DCI signaling based dynamic UL waveform switching, it could be implicit or explicit 
Alt1-1: Explicit signaling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH
Alt1-2: Implicit signaling, e.g. CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH is identified by certain condition on the scheduling information in the DCI without changing DCI format. 
Alt2: MAC CE signaling based dynamic UL waveform switching
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