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1. Introduction
In this contribution, we provide our views on the enhancements for 8Tx UL in Rel-18.
2. Discussion on enhancement for 8Tx UL
2.1 Codebook design for partial-coherent UE
Port mapping
	Agreement (110b-e)
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7}
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt 3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5,7}



One remaining item for codebook design the port mapping for partial-coherent UE. Note that according to convention in RAN1 for cross polarized planer arrays port mapping is vertical first (from bottom to top), horizontal second (from left to right) and polarization third. We also note that the array structure assumption made during EVM is as below:
	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	2
	2
	(1, 2, 2)
	
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	Isotropic (Indoor/Outdoor FWA & Industrial)
 
4 dBi, 110° HPBW(Indoor FWA & Industrial



Then, following RAN1 port mapping convention we have the following proposal:
Proposal 1: Port mapping for Ng=2 is to have two coherent groups of {0,1,4,5} and {2,3,6,7} for both antenna layouts 2-a and 2-b. Port mapping for Ng=4 is to have four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} for both antenna layouts 3-a and 3-b 

Codeword to antenna group mapping:
Another remaining aspect for Ng=2 when rank> 4 is to decide whether the precoding layers for each CW can be mapped to either/both of the antenna groups. In our understanding mapping CWs to distinct antenna groups is typically not beneficial in FR1 situations. Rather having both CWs spread across the antenna groups can offer diversity. Therefore we have the following proposal:
Proposal 2: For partially coherent uplink precoding by an 8TX UE, Ng=2, when rank>4, layers for each CW can be mapped to either or both of the antenna groups

2.2 Codebook configuration aspects
In NR Rel-15, codebook subsets are defined, including fullyAndPartialAndNonCoherent codebook subset, partialAndNonCoherent codebook subset, and noncoherent codebook subset. In fullyAndPartialAndNonCoherent codebook subset, the full coherent/partial coherent/non-coherent precoders are included. In partialAndNonCoherent codebook subset, the partial coherent/non-coherent precoders are included. In noncoherent codebook subset, only non-coherent precoders are included. Figure 1 illustrates the codebook subset configuration in Rel-15.


Figure 1 Codebook subset configuration in Rel-15
The Rel-15 scheme allows a full coherent UE to dynamically receive TPMIs from any coherence type. The usage scenario corresponds to antenna power imbalance cases. This can occur due to obstruction of paths from certain antenna elements and more likely to occur with directional antenna groups (panels). This use-case is still relevant for 8Tx full coherent UEs. Secondly, the structure of antenna groups (Ng=2 or Ng=4) is an inherent property for a UE and there is good use-case for using Ng=4 for a UE that is inherently Ng=2. Therefore, we support Alt-2 given by 
Proposal 3: Support nested-like codebook configuration - Alt2 (Nested-like codebook but needs re-configuration) 
A fully-coherent UE (Ng=1) can only be configured with precoders associated with one of Ng cases, i.e., Ng=1, 2, 4, 8
A partially-coherent UE, with Ng=2, can only be configured with precoders associated with one of Ng cases, i.e., Ng=2, 4, 8
A partially-coherent UE, with Ng=4, can only be configured with precoders associated with one of Ng cases, i.e., Ng=4, 8
A non-coherent UE, with Ng=8, can only be configured with precoders associated with Ng = 8

2.2 TPMI indication
TPMI indication for codebook based PUSCH transmission with 8Tx require careful discussion due to the need to keep the signaling efficient and overhead to a minimum. In the following we discuss several sub-issues such as TPMI indication for different coherence, number of TPMI fields, encoding of rank indicator and precoder indicator and codebook subset configuration.
2.2.1 TPMI indication of a full coherent precoder

	Conclusion (RAN1#112bis-e)
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), there is no consensus to support any optional over-sampling ratio.



In RAN1 #112 meeting, it was agreed that for full coherent UE, the antenna configurations of  and  is supported. Oversampling factor of  was also agreed for the full coherent precoders based on Type I single panel codebook. It was concluded in RAN1#112bis-e that additional values for oversampling factor is not supported e.g.,  and . The PMI overhead as noted in the FL summary is (R1-2302307)

	Configuration parameters
	Number of precoders using NR Rel-15 single panel DL Type I

	(N1, N2, O1, O2)
	1
	2
	3
	4
	5
	6
	7
	8
	Total

	(2, 2, 1, 1)
	16
	32
	24
	24
	8
	8
	8
	8
	128

	(4, 1, 1, 1)
	16
	32
	24
	24
	8
	8
	4
	4
	120



In general, an 8-port coherent precoder could be generated according to the pre-defined formula based on the rank value and the parameters , , , and  similar to the Type I codebook on the downlink. Note that in the downlink, the rank restriction for a UE is fully flexible and configured via bitmap. Also, the value range for parameters , , , and  are different depending on the rank value and antenna configuration. Table 1 shows the value range of , , , and  for antenna configuration . Table 2 shows the value range of , , , and  for antenna configuration .

Table 1 Value range of , , , and  for (N1,N2)=(4,1) for DL
	Rank
	
	
	
	

	1
	
	
	N/A
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	N/A
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	



Table 2 Value range of , , , and  for (N1,N2)=(2,2) for DL
	Rank
	
	
	
	

	1
	
	
	N/A
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	N/A
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	



Similar to the downlink and especially if larger oversampling values are supported it is beneficial to support configurations for codebook subset restrictions limiting ,  – this will allow the TPMI field bit-size reduction. Additionally, restriction on the parameters  , and  can also be introduced. For example, , that represents co-phasing across polarization and also wideband (as opposed to the downlink) can be coarsely quantized to one bit. Also  that corresponds to the case with a different beam for the second or the third layer could be fixed to zero. 
There could be multiple ways of determining a single TPMI index from parameters . One option is that the mapping between  and the TPMI index is fixed (e.g. specified in a Table), the other option is that TMPI index is a linear combination of the components  (specified as linear indexing formula). One advantage of the second approach is that restrictions on  can be configured in a UE specific manner that can also be leveraged for the reduction of TPMI field-size.
Proposal 4: TPMI indication of a full-coherent codebook is by a single index mapped to  components. In order to reduce TPMI overhead consider introducing configurable restrictions on TPMI parameters , , , and .

2.2.2 TPMI indication of a partial coherent precoder
As agreed earlier, an 8-port partial coherent precoder for Ng=2 is constructed with two Rel-15 4Tx full coherent precoding matrices where the first TMPI is applied on the first antenna group and the second TPMI is applied on the second antenna group. Similarly, for Ng=4 an 8-port partial coherent precoder is constructed with four Rel-15 2Tx full coherent precoding matrices, each applied to a different antenna group. We propose TPMI indication for Ng=2 and Ng=4 by a single index based on the values of 2 or 4 Rel-15 TPMIs. This could be achieved by a table-based mapping of an index to a list of TMPI combinations or a formula based (linear indexing) mapping of an index to a TMPI combination. The advantage of the second approach is that restrictions on layer-split options could be configured in a UE-specific manner in order to reduce TPMI overhead.
Proposal 5: TPMI indication of a partial-coherent codebook (Ng=2 or Ng=4) is by a single index mapped to 2 or 4 Rel-15 TPMI components. Consider restrictions on layer-split options in order to reduce TPMI overhead. 
For TPMI indication, overhead is an important issue to be considered. In Rel-15, rank restriction is configured for Type I codebook and it also contributes to reduced UCI overhead. Similarly rank restriction could also be considered for PUSCH TPMI indication. With rank restriction configured, only the precoders for allowed rank values will be indicated which can reduce the DCI overhead.
Proposal 6: Consider flexible rank restriction (bitmap) to reduce the DCI overhead for TPMI indication.

2.4 Full power operation
In Rel-16, full power operation was introduced with different full power operation mode, i.e., Mode 0, Mode 1 and Mode 2. There were three kinds of UE PA architectures considered in Rel-16 full power operation, as shown in Figure 2.
a) All the UE PAs can deliver full power
b) None of the UE PAs can deliver full power
c) A subset of the UE PAs can deliver full power
The maximum output power of one PA could be 23dBm, 20dBm, or 17dBm.


[bookmark: _Ref110287078]Figure 2 UE PA architecture for Rel-16 full power operation with 2Tx

In RAN1 #111 meeting, some UE PA architectures are identified for full power operation in Rel-18 as shown in Figure 3.
[image: ]
[bookmark: _Ref118475510]Figure 3 UE PA architecture with 8Tx for full power operation identified in RAN1 #111
For full power operation Mode 0, the operation is simple, i.e., the power scaling factor is fixed to 1. The support of full power Mode 0 doesn’t depend on codebook design and should be supported in Rel-18. For Mode 0 operation, no spec change is required in Rel-18.
For full power Mode 1 in Rel-16, for non-coherent UE and partial coherent UE, the full coherent precoder is added to the codebook subset so that the full power operation can be enabled. In Rel-18, the same design principle as Rel-16 could be followed for full power Mode 1.
For full power Mode 2 in Rel-16, the UE should report capability on those TPMIs that can enable full power operation. For the TPMIs that can support full power, the power scaling factor is set to 1. For those TPMIs that can’t support full power, the legacy power scaling factor is used.
In Rel-18, we think similar scheme could be used for full power Mode 2 operation, i.e., the UE should report capability on those TPMIs that can support full power operation. The detailed reporting could be discussed in UE capability. Therefore, we have the following proposals on full power operation in Rel-18.

Proposal 7: For full power Mode 1 operation, consider similar design principle as Rel-16, i.e., adding full coherent precoder to the non-coherent codebook subset and the partial coherent codebook subset. For full power Mode 2 operation, consider extending the Rel-16 framework to 8Tx UE.
3. Conclusion
In conclusion, we have the following proposals on 8Tx UL enhancements in Rel-18.
Proposal 1: Port mapping for Ng=2 is to have two coherent groups of {0,1,4,5} and {2,3,6,7} for both antenna layouts 2-a and 2-b. Port mapping for Ng=4 is to have four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} for both antenna layouts 3-a and 3-b
Proposal 2: For partially coherent uplink precoding by an 8TX UE, Ng=2, when rank>4, layers for each CW can be mapped to either or both of the antenna groups
Proposal 3: Support nested-like codebook configuration - Alt2 (Nested-like codebook but needs re-configuration) 
· A fully-coherent UE (Ng=1) can only be configured with precoders associated with one of Ng cases, i.e., Ng=1, 2, 4, 8
· A partially-coherent UE, with Ng=2, can only be configured with precoders associated with one of Ng cases, i.e., Ng=2, 4, 8
· A partially-coherent UE, with Ng=4, can only be configured with precoders associated with one of Ng cases, i.e., Ng=4, 8
· A non-coherent UE, with Ng=8, can only be configured with precoders associated with Ng = 8
Proposal 4: TPMI indication of a full-coherent codebook is by a single index mapped to  components. In order to reduce TPMI overhead consider introducing configurable restrictions on TPMI parameters , , , and .
Proposal 5: TPMI indication of a partial-coherent codebook (Ng=2 or Ng=4) is by a single index mapped to 2 or 4 Rel-15 TPMI components. Consider restrictions on layer-split options in order to reduce TPMI overhead.
Proposal 6: Consider flexible rank restriction (bitmap) to reduce the DCI overhead for TPMI indication.
Proposal 7: For full power Mode 1 operation, consider similar design principle as Rel-16, i.e., adding full coherent precoder to the non-coherent codebook subset and the partial coherent codebook subset. For full power Mode 2 operation, consider extending the Rel-16 framework to 8Tx UE.
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