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Introduction
Features for Rel-18 MIMO evolution for DL and UL [1] have been specified. In this contribution, we discuss corrections for the 8 Tx related features of this work.  Precoders needed for proper operation of uplink full power MIMO Mode 1 are first discussed for consideration in future work items or TEIs for uplink MIMO.  Next, mechanisms to identify coherence among ports and to identify port groups that are missing in the current specifications are addressed.  Lastly, corrections for UE assistance on the desired maximum number of MIMO layers for the purpose of power saving are considered.
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc111198129][bookmark: _Toc111199527][bookmark: _Toc111200614][bookmark: _Toc111234145][bookmark: _Toc111234345][bookmark: _Toc111216430][bookmark: _Toc115259030][bookmark: _Toc115277088][bookmark: _Toc115349613]In the following, we first address full power uplink MIMO Mode 1, followed by the issue of how to define port groups and coherence among the ports in the port groups, and then UE assistance on the desired maximum number of MIMO layers for the purpose of power saving.
Full power UL MIMO Mode 1
As of RAN1#114bis, one TPMI per each rank for uplink full power MIMO Mode 1 was defined.  As we show in the following and in [3], one TPMI per rank for Mode 1 is insufficient, and the performance by adding as few 6 precoders for ranks 1 and 2 in non-coherent operation can provide substantial gains.  However, the following agreement was reached when the rank 4 precoder was added at the last meeting, which precludes new precoders.  Therefore, we reiterate an enhanced uplink full power MIMO Mode 1 design with additional Mode 1 precoders and the corresponding simulations results in the Appendix for consideration in future work items or TEIs.

	Agreement (RAN1#114bis)
For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, the following precoder is supported. 
	Rank = 4

	


If additional precoders cannot be agreed in RAN1#114bis, no additional precoders will be introduced in Rel-18.




A summary of the Mode 1 precoders proposed for future consideration for use with port group configurations Ng=8, Ng=4, and Ng=2, can be found in Table 2, Table 3, and Table 4, respectively.
[bookmark: _Toc149921920]In future uplink MIMO work items or TEIs, consider the uplink full power MIMO Mode 1 precoders in Table 2, Table 3, and Table 4 in the Appendix for use with port group configurations Ng=8, Ng=4, and Ng=2, respectively. 
[bookmark: _Toc146883298][bookmark: _Toc146883367][bookmark: _Toc146883995][bookmark: _Toc146884415][bookmark: _Toc142660985][bookmark: _Toc134819167][bookmark: _Toc135014892][bookmark: _Toc134819168][bookmark: _Toc135014893][bookmark: _Toc134819169][bookmark: _Toc135014894][bookmark: _Toc134819170][bookmark: _Toc135014895][bookmark: _Toc134819171][bookmark: _Toc135014896]Coherence and antenna group definition
Although coherence is a fundamental property of UE MIMO transmission, it is does not appear possible to identify which ports are coherent based on current specifications once full power Mode 1 is considered. For example, the codebooks in 38.211 contain all precoders used, including both full power Mode 1 (i.e. ‘non-coherent’) precoders as well as fully-, partially-, or non-coherent precoders. One such example for the case of partially coherent precoding with Ng=2 antenna port groups is below:
Table 6.3.1.5-29: Intermediate precoding matrix  for codebook2 and single-layer transmission using eight antenna ports.
	TPMI index 
	Intermediate precoder matrix 

	0 – 15
	

	16 – 31
	

	32
	



It can be seen that 4 ports combine for TPMIs 0-31, but 8 ports combine for TPMI 32. Therefore from 38.211, it is ambiguous which ports combine coherently. In this example, when the ports {0,1,4,5} and {2,3,6,7} should be mutually coherent, while every port in one of the groups should not be coherent with any port in the other group, but there are no means in 38.211 to determine this.  
In RAN1#114bis, it was suggested that which ports are in port groups is UE implementation.  It is certainly true that which Tx chains map to ports is UE implementation, however the mapping of ports to port groups cannot be implementation in our understanding.  The UE and the network must know which elements of the precoding matrices combine coherently.  Since there are no port groups defined presently, it is not even possible for UEs to know that some ports are mutually coherent and some are not.
Which precoders of a given codebook are used for transmission is selected in 38.212 by whether full power Mode 1 is configured. In the above example, TPMI 32 is only used when full power Mode 1 is configured.  However, since full power Mode 1 is only defined as a way to scale power (according to 38.213 section 7.1), the restriction of the Mode 1 precoders for use with Mode 1 does not help identify which ports are mutually coherent, nor even that the UE is allowed to combine ports non-coherently when configured with Mode 1.
Antenna port groups are clearly defined by agreements. For partially coherent cases we have the following agreement, while the fully-coherent () and non-coherent () groups coherence are self-evident.
Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, following convention for assumption of port coherency scheme is used
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}
· For when Ng=4, 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}

38.214 currently refers to port groups, only for the case of Ng=1, but does not define them, for example:
A UE does not expect to be configured by CodebookType with a value of CodebookType that does not correspond to one of the values of UL_8TX_Ng reported in its capability. A UE can be configured by ULcodebookFC-N1N2 subject to UE capability, when higher layer parameter CodebookType is set to ‘Codebook1’ corresponding to Ng=1, where Ng represents the number of antenna port-groups. 
We also note that port groups are also used for PT-RS in 38.214, e.g. with the following:
-	For partial coherent codebook for 8TX PUSCH transmission, Lx is the number of PUSCH layers in the antenna group which are precoded coherently with the PUSCH layer/DM-RS port that PT-RS port x is associated with, and Qp is the number of PT-RS ports scheduled to the UE.
On the other hand, the variable ‘Ng’ is used in the RRC parameter list and in in draft UE capabilities (here we only show fully coherent and Ng=2 for brevity) as can be seen below.  However, what ‘Ng’ means is not defined in L1 specifications presently.
Description in RRC parameter list:
	RAN2 Parent IE
	Parameter name in the text
	Description
	Value range

	PUSCH-Config
	CodebookType
	Codebook  type 
Codebook1 corresponds to Ng=1
Codebook2 corresponds to Ng=2
Codebook3 corresponds to Ng=4
Codebook4 corresponds to Ng=8
	Ng represents the number of antenna port-groups 
{Codebook1, Codebook2, Codebook3, Codebook4}



Draft RRC parameter list:
	Index
	Feature group
	Components

	40-7-1a
	Codebook-based 8Tx PUSCH—[full-coherent codebook]
	Support of codebook-based 8Tx PUSCH—[full-coherent codebook]

	40-7-1b
	(N1,N2) for coherent codebook
Codebook-based 8Tx PUSCH—[partial-coherent codebook], Ng=2
	Support of codebook-based 8Tx PUSCH—[partial-coherent codebook], Ng=2



Full-, Partial-, and Non-coherence are not defined in NR specifications for 8 Tx operation.
Antenna port groups are not defined in NR specifications, although port groups and the number of port groups is referenced in draft RRC parameters and UE features.
That uplink full power MIMO Mode 1 for 8 Tx allows ports to be combined non-coherently is not defined anywhere in the RAN1 specifications.  8 Tx Mode 1 is only supported by a power scaling behavior in 38.213 and additional TPMIs in 38.212. 
Therefore, there seems to be some need to define port groups. Then using port groups, one simple way to define coherence is to use the following in 38.214:
A UE is expected to maintain relative phase among ports in the same port group, but not among ports in different port groups.  Port groups are defined for antenna ports  in 38.211 subclause 6.3.1.5, according to the parameter CodebookType  For CodebookType=’codebook1’, antenna ports  form one antenna port group. For CodebookType=’codebook2’, antenna ports ,  form two antenna port groups. For CodebookType=’codebook3’, antenna ports , {form four antenna port groups. For CodebookType=’codebook4’, antenna ports  form eight antenna port groups.
However, RAN1 have historically resisted similar proposals to specify coherence (or its lack) among ports.  If RAN1 spec support defining coherence (e.g. by maintenance of relative phase) is not acceptable, a (less desirable) alternative could be to define the behavior by referring to the RAN4 relative phase requirements in 38.101-1 section 6.4D.4, excerpted below.
	[bookmark: _Toc21344347][bookmark: _Toc29801833][bookmark: _Toc29802257][bookmark: _Toc29802882][bookmark: _Toc36107624][bookmark: _Toc37251390][bookmark: _Toc45888259][bookmark: _Toc45888858][bookmark: _Toc59650176][bookmark: _Toc61357446][bookmark: _Toc61359220]6.4D.4	Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna port is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PSCell or SCell(s))


 
From a UE implementation perspective, this might have the merit of being a less strict and more precise definition of coherence, since UEs would only be required to maintain a certain amount of relative phase among antenna ports, rather than following a more conceptual transmission procedure according to RAN1 specifications. On the other hand, because it is expressed in terms of requirements rather than as a transmission procedure, the behavior may not be as clear, and would anyway not be available until RAN4 requirements are set for the port group configuration.
Defining which ports are mutually coherent for partially coherent operation should be straightforward, but has not been agreed in prior RAN1 discussions. A less desirable, but feasible, alternative could be to rely on RAN4 relative phase requirements.
The above aspects were discussed in RAN1#114bis, which ultimately led to the proposals below from the feature lead for further discussion [2].
Proposal 3.1a: Adopt the following text proposals to TS 38.211 and TS 38.214.
· Reason for change:  
· The current specifications in TS 38.211 and TS 38.214 do not clearly describe the relationship between the codebook2, codebook3, codebook4 and antenna groups.
· Summary of change: Addition of four columns to the existing Table 6.3.1.5-8
· Consequences if not approved: Unclear association of antenna ports to antenna groups.

	-------------------------------------------Unchanged parts are omitted-------------------------------------------
Table 6.3.1.5-8: The port mapping function  for transmission using 8 antenna ports.
	
	Higher-layer parameter CodebookType

	
	codebook1 
	codebook2

	codebook3

	codebook4


	0
	


Antenna Group1
	0
	Antenna Group1
	0
	Antenna Group1
	0
	Antenna Group1
	0

	1
	
	1
	
	1
	
	4
	Antenna Group2
	1

	2
	
	2
	
	4
	Antenna Group2
	1
	Antenna Group3
	2

	3
	
	3
	
	5
	
	5
	Antenna Group4
	3

	4
	
	4
	Antenna Group2
	2
	Antenna Group3
	2
	Antenna Group5
	4

	5
	
	5
	
	3
	
	6
	Antenna Group6
	5

	6
	
	6
	
	6
	Antenna Group4
	3
	Antenna Group7
	6

	7
	
	7
	
	7
	
	7
	Antenna Group8
	7


-------------------------------------------Unchanged parts are omitted-------------------------------------------




Proposal 3.1b:
· Adopt the following text proposal to TS 38.214.
	-------------------------------------------Unchanged parts are omitted-------------------------------------------
For codebook based transmission with eight antenna ports, the UE determines its codebook based upon the reception of higher layer parameter[s] CodebookType and ULcodebookFC-N1N2 if CodebookType is configured with Ng=1 in pusch-Config for PUSCH associated with DCI format 0_1 and 0_2, depending on the UE capability. According to the configured CodebookType, requirements for coherent UL MIMO apply within an antenna group 38.101-1.
-------------------------------------------Unchanged parts are omitted-------------------------------------------




While defining coherence as the ability to maintain relative phase among antenna ports in RAN1 is relatively straightforward as well as consistent with RAN4 specifications, it has not been agreeable in the past in RAN1, and does not so far have consensus in RAN1 for 8 Tx.  An alternative can be to define coherence as the ability to meet RAN4 requirements for relative phase, which would be less strict and more precise. UE behavior may not be as clearly defined in this alternative, however.
[bookmark: _Toc149921921]Define which ports constitute each (coherent) antenna port group according to the parameter CodebookType.
[bookmark: _Toc149921922]As a first preference, define that the UE must maintain relative phase among ports in a port group in RAN1 specifications. If this is not agreeable, state in the RAN1 specifications that the UE meets RAN4 requirements for coherent UL MIMO among ports in an antenna port group.
UE assistance information for power saving
The following proposal was discussed in RAN1#114bis, and identified for further discussion in this meeting [2].
	For UE power saving, a UE can report the UE assistance information indicating the UE preferred maximum number of layers. To maintain a similar functionality for an 8TX UE, the range of the related RRC parameters for UE assistance information needs to be updated [11]. 

Proposal 4.1: Extend the candidate value of the reducedMIMO-LayersFR1-UL and reducedMIMO-LayersFR2 to include {5, 6, 7, 8}.



Before considering the proposal, we would first like to highlight that reducing layers to turn off Tx chains to save power implies that each layer is carried on only a subset or one of the Tx chains, which implies partial, or more likely, non-coherent operation.  So this proposal applies to a subset of UE implementations with low coherence capabilities.  However, non-coherent UL MIMO operation has been the dominant implementation so far, and 8 Tx non-coherent operation is likely to continue to be important.
One view expressed in the RAN1#114bis discussions was that if a UE would prefer to save power, it would not indicate more than 4 layers or more than 1 codeword, and so there was no need to extend the value range past its current maximum of 4.  However, a counter argument was given that this is a range of values of assistance information provided by the UE, and that the UE needs to be able to indicate an increased or reduced number of layers based on its traffic needs.  We think the latter argument makes sense: the amount of power saved is based on the ratio of the number of active Tx chains over the total number of Tx chains.  If the UE can only indicate at most 4 layers as a preference, it can only say it wants to transmit on half its Tx chains or less.  For the feature to actually work, the UE must also be able to indicate it does not want to save power and so the value of 8 would be needed in this case.  
Since the ranges of reducedMIMO-LayersFR1-UL and reducedMIMO-LayersFR2 define the amount of power savings requested by the UE, and the UE needs to be able to indicate that it does not, as well as does, want power savings, both the ranges of candidate values for these parameters need to go up to 8.
[bookmark: _Toc149921923]Support FL proposal 4.1 from [2]: “Extend the candidate value of the reducedMIMO-LayersFR1-UL and reducedMIMO-LayersFR2 to include {5, 6, 7, 8}.”
[bookmark: _Toc131696611][bookmark: _Toc131766457][bookmark: _Toc131696612][bookmark: _Toc131766458][bookmark: _Toc131696613][bookmark: _Toc131766459][bookmark: _Toc131696614][bookmark: _Toc131766460][bookmark: _Toc131766462][bookmark: _Toc134819176][bookmark: _Toc135014901][bookmark: _Toc134819177][bookmark: _Toc135014902][bookmark: _Toc134819178][bookmark: _Toc135014903][bookmark: _Toc134819179][bookmark: _Toc135014904][bookmark: _Toc134819180][bookmark: _Toc135014905][bookmark: _Toc134819181][bookmark: _Toc135014906][bookmark: _Toc131766465][bookmark: _Toc115440543][bookmark: _Toc115440580][bookmark: _Toc115440544][bookmark: _Toc115440581][bookmark: _Toc115440545][bookmark: _Toc115440582][bookmark: _Toc115440546][bookmark: _Toc115440583][bookmark: _Toc115440547][bookmark: _Toc115440584][bookmark: _Toc115440548][bookmark: _Toc115440585][bookmark: _Toc115440549][bookmark: _Toc115440586][bookmark: _Toc115440550][bookmark: _Toc115440587][bookmark: _Toc115440551][bookmark: _Toc115440588][bookmark: _Toc115440552][bookmark: _Toc115440589][bookmark: _Toc115440553][bookmark: _Toc115440590][bookmark: _Toc115440554][bookmark: _Toc115440591][bookmark: _Toc115440555][bookmark: _Toc115440592][bookmark: _Toc111199531][bookmark: _Toc111200618][bookmark: _Toc111234149][bookmark: _Toc111234349][bookmark: _Toc111216445][bookmark: _Toc115259046][bookmark: _Toc115440556][bookmark: _Toc115440593][bookmark: _Toc111199532][bookmark: _Toc111200619][bookmark: _Toc111234150][bookmark: _Toc111234350][bookmark: _Toc111216446][bookmark: _Toc115259047][bookmark: _Toc115440557][bookmark: _Toc115440594][bookmark: _Toc111199533][bookmark: _Toc111200620][bookmark: _Toc111234151][bookmark: _Toc111234351][bookmark: _Toc111216447][bookmark: _Toc115259048][bookmark: _Toc115440558][bookmark: _Toc115440595][bookmark: _Toc111199534][bookmark: _Toc111200621][bookmark: _Toc111234152][bookmark: _Toc111234352][bookmark: _Toc111216448][bookmark: _Toc115259049][bookmark: _Toc115440559][bookmark: _Toc115440596][bookmark: _Toc111199535][bookmark: _Toc111200622][bookmark: _Toc111234153][bookmark: _Toc111234353][bookmark: _Toc111216449][bookmark: _Toc115259050][bookmark: _Toc115440560][bookmark: _Toc115440597][bookmark: _Hlk61857909]3 	Conclusion
In this contribution, we discussed corrections for the 8 Tx related features of the Rel-18 MIMO work item.  Precoders needed for proper operation of uplink full power MIMO Mode 1 were first discussed for consideration in future work items or TEIs for uplink MIMO.  Next, mechanisms to identify coherence among ports and to identify port groups that are missing in the current specifications were addressed.  Lastly, corrections for UE assistance on the desired maximum number of MIMO layers for the purpose of power saving were considered.  
Based on the discussion, we made the following proposals:
Proposal 1	In future uplink MIMO work items or TEIs, consider the uplink full power MIMO Mode 1 precoders in Table 2, Table 3, and Table 4 in the Appendix for use with port group configurations Ng=8, Ng=4, and Ng=2, respectively.
Proposal 2	Define which ports constitute each (coherent) antenna port group according to the parameter CodebookType.
Proposal 3	As a first preference, define that the UE must maintain relative phase among ports in a port group in RAN1 specifications. If this is not agreeable, state in the RAN1 specifications that the UE meets RAN4 requirements for coherent UL MIMO among ports in an antenna port group.
Proposal 4	Support FL proposal 4.1 from [2]: “Extend the candidate value of the reducedMIMO-LayersFR1-UL and reducedMIMO-LayersFR2 to include {5, 6, 7, 8}.”
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[bookmark: _Ref127451154]Appendix: Design and Results for Additional Mode 1 Precoders
A1 Precoders for Ng=8
Full power Mode 1 is crucial to rank 1 non-coherent operation, since each antenna port brings extra power, and so adding the [1 1 1 1 1 1 1 1]T precoder as has been agreed is a logical first step. However, such a precoder primarily targets single panel operation, since the element patterns all need to overlap to provide the maximum gain. A logical next step would be to add precoders that support selecting one of two panels, such as the two shown below. These precoders support non-coherent combining of two xpol elements (4 antenna ports) per panel, providing 6 dB more power than simply selecting one antenna port for rank 1.

For full power Mode 1, the precoders [1 1 0 0 1 1 0 0] T/(2*sqrt(2)) and [0 0 1 1 0 0 1 1]T/(2*sqrt(2)) should be supported for Ng=8 and rank 1.
A next logical step would be to support selection among 4 panels, where the 2 antenna ports in each xpol element in each panel can be combined, providing 3 dB more power than selecting the single port used without Mode 1.

For full power Mode 1, the precoders p0 = [1 0 0 0 1 0 0 0]T / (2*sqrt(2)), p1=[0 1 0 0 0 1 0 0] T/(2*sqrt(2)), p2[0 0 1 0 0 0 1 0] T/(2*sqrt(2)), and p3=[0 0 0 1 0 0 0 1] T/(2*sqrt(2)) should be supported for Ng=8 and rank 1.
Rank 2 also benefits substantially from Mode 1, and can use panel selection as in the rank 1 case. Using 4 ports per panel for rank 2 gives 3 dB more power than 2 port transmission used without Mode 1. One simple way to enable this is to reuse the precoders with two ports per layer above for rank 2, where any pair can be used in the precoder. This results in 6 possible precoders and can support transmitting two layers on any pair of panels. 
For full power Mode 1 and rank 2 with Ng=8, the 6 precoding matrices [pi pj] formed from any combination of the additional rank 1 precoders {p0, p1, p2, p3} should be supported.
In the following, the performance of the additional full power Mode 1 precoders is evaluated. Accordingly, the above 6 additional full power precoders for Mode 1 power scaling (PS) each for rank 1 and 2 in addition to the full power Mode 1 precoders agreed in RAN1#114 result in 7 full power Mode 1 precoders each for rank 1 and 2. Next, in Figure 1, the performance of the NC precoder designs with different power scaling is illustrated for maximum rank 2 and the “indoor FWA” scenario, where the non-coherent antenna ports are arranged as two ULA panels pointing in the oppoiste direction (back-to-back panels). Note that for the non-full power NC precoders, the agreed selection vectors are considered, which has 8 and 28 candidates for rank 1 and 2, respectively. Further, for comparison, two Rel-18 full power Mode 1 codebooks are considered, where the non-full power precoders with Rel-15 PS is added with i) one full power Mode 1 precoder each for rank 1 and 2 agreed in RAN1#114, and ii) the above discussed 7 full power Mode 1 precoders each for rank 1 and 2. From Figure 1, it can be observed that there is a significant gain by adding the 6 full power Mode 1 precoders, i.e., about ~22% better at cell-edge compared to only one full power Mode 1 precoder per rank at a ~70% load point. This can be attributed to the fact that the additional full power Mode 1 precoders allow the UEs to transmit only from the panel with the stronger channel to the gNB, while allowing at least 2 dB power gain (in case of Rank 2). Further, deterring transmission from the panel with poor channel to the gNB (which may point away from gNB) can prevent leakage of interference to the neighboring cells.  
[image: ] [image: ]
[bookmark: _Ref149921601]Figure 1	Mean and cell-edge user UL throughout versus served traffic, comparing non-coherent codebook designs (i.e., ) with different power scaling (PS), i.e., Rel-15 PS, Rel-16 Mode 0 PS, and Rel-16 Mode 1 PS with 1 and 7 full power precoders for each of rank 1 and 2, in the “indoor FWA” scenario for maximum rank 2. Here, the bandwidth is set to 100 MHz and with two back-to-back panels (two 1 x 2 ULA panels with dual polarized directional antennas pointing in opposite direction) deployed at the UEs. The remaining SLS parameters are collected in Table 5 in section A4.
Rank 3 can also benefit from having more than one precoder, although to a lesser degree. If 6 ports are active for rank 3, a 4 panel UE could have 3 panels active. The benefit of controlling interference by panel selection is less than in the rank 1 and 2 cases, but could still be present. Transmitting on 6 of 8 ports may also have some power saving benefit, since the total power could be reduced by 1 dB or so. The approach for rank 2 above could be extended to rank 3, where the precoders with two ports per layer from rank 1 are reused for rank 3, and any triplet of the precoders can be used in a rank 3 precoder.  
For full power Mode 1 and rank 3 with Ng=8, supporting the 4 precoding matrices [pi pj pk] formed from any combination of the additional rank 1 precoders {p0, p1, p2, p3} can be beneficial.
A2 Precoders for Ng=2
Similar to the non-coherent codebook, only one precoder per rank was agreed for partially coherent operation. This represents a drastic reduction of Mode 1 precoders, since there are multiple different precoders defined for each antenna group. For example, in the Ng=2 case, there are 16 precoders defined (the fully coherent Rel-15 4 Tx precoders) for each antenna group, so reducing down to a single precoder for rank 1 reduces the number of potential Mode 1 precoders by a factor of 16. Equivalently, such a design is unable to exploit precoding gain within an antenna group, since only one precoder is defined, and so for the Ng=2 case, there can be a loss of as much as 6 dB precoding gain.
Using only one precoder per rank for full power Mode 1 degrades precoding gain by as much as 6 and 3 dB for Ng=2 and Ng=4, respectively.
In order to design the Mode 1 precoders, it is possible to independently select the coherent precoders for each group and then to transmit the combined signal for each group non-coherently from the other group. This is quite similar to rank 2 transmission with layers split across two groups, since the layers are independent and each is transmitted from one group. Since 64 precoders are used for rank 2 transmission on two antenna groups, especially since there is only one at present, this may be seen as a large number of precoders to add, and so a reduced number is of interest. 
One way to reduce the codebook size would be to subsample the rank 2 code book. The non-full power 8 Tx PC precoders are designed without (3, 2) and (4, 3) layer splits for rank 5 and 7 (in accordance with the RAN1#114 agreement), respectively, and with  for NR UL Rel-15 4 Tx precoders, giving a total of 16 candidates for rank 1. For the full power Mode 1 8 Tx PC precoders, a subset of rank 2 precoders are selected to be included for the rank 1 transmission, such that each antenna group has two beams with BPSK co-phasing between the polarizations. Accordingly, the possible 4-Tx precoders per antenna group (with 2 ports per polarization and one layer per antenna group) is given by , which forms the same beams from both the polarization in  and   from the boresight while co-phasing the antenna ports across polarization with  and . Based on the above, the full power Mode 1 8 Tx PC precoders can be designed by having any of the above 4 rank-1 precoders across both the antenna groups, giving 16 possible precoders, given in Table 3 (following the agreed port numbering convention). 
UL FPTx Mode 1 with  partially coherent precoding can be implemented for rank 1 by using rank 2 precoders transmitting over two antenna groups to non-coherently combine within 1 layer, rather than over 2 layers. The new precoders imply one new layer split.
In the following, the performance of the additional full power Mode 1 precoders is evaluated. Accordingly, the 16 full power Mode 1 precoders for rank 1, given in Table 3, which includes the full power Mode 1 precoder agreed in RAN1#114, together with the non-full power rank 1 precoders with 32 candidates results in 48 precoders for rank 1. Next, in Figure 2, the performance of the PC precoder designs with different power-scaling (PS) is illustrated for rank 1 and the “indoor FWA” scenario, where the two antenna groups are arranged as two 4 Tx arrays pointing in the same direction (two 1 x 2 dual polarized ULA panels separated by 2 lambda and pointing in same direction). Further, for comparison, two Rel-18 full power Mode 1 codebooks are considered, where the non-full power precoders with Rel-15 PS is added with i) one full power Mode 1 precoder for rank 1 in RAN1#114, and ii) the above discussed 16 full power Mode 1 precoders for rank 1. From Figure 2, it can be observed that there is a gain of ~6% at cell-edge by having the 16 full power Mode 1 precoders compared to only one full power Mode 1 precoder for rank 1 at ~70% load point. This can be attributed to the fact that the additional full power Mode 1 precoders allow more flexibility for the gNB to assign beams to the panels of the UE to point towards the gNB. This further tends to mitigate the leaking of interference to the neighboring cells from the panel with poor channel to the gNB.
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[bookmark: _Ref149921623]Figure 2	Mean and cell-edge user UL throughout versus served traffic, comparing partially-coherent codebook designs with two antenna groups (i.e., ) with different power scaling (PS), i.e., Rel-15 PS, Rel-16 Mode 0 PS, and Rel-16 Mode 1 PS with 1 and 16 FP precoders for each of rank 1, in the “indoor FWA” scenario for maximum rank 1. Here, the bandwidth is set to 100 MHz and with two panels (two 1 x 2 ULA panels with dual polarized directional antennas pointing in same direction with 2 lambda separation) deployed at the UEs. The remaining SLS parameters are collected in Table 5 in section A4.

The 16 rank 1 precoders in Table 3 should be specified for UL FPTX Mode 1 with  partially coherent precoding, where one layer is carried by two groups and the precoding combines ports in different groups non-coherently. The (‘non-Mode 1’)  rank 1 precoders where one group is selected should also be supported when the UE is configured for UL FPTX Mode 1.
A3 Precoders for Ng=4
For, ranks 1-3 transmit on a subset of ports with the current layer splits, and so 3 new layer splits are needed to combine all ports with Mode 1. For rank 1, a single layer is carried on all 4 groups, while for rank 2 each layer is carried on different group pairs (i.e. groups 1 and 2 on the first layer and groups 3 and 4 on the second layer). In order to have a nearly equal port distribution among layers for rank 3, the number of ports per layer should be 3, 3, and 2 for layers 1, 2, and 3, respectively. This means that the first two layers contain two ports from one group as well one other port from a group that is shared among the two layers. This requires that one group be split among two different layers, which would change which ports are mutually coherent. Therefore, a 3/3/2 port split is not in line with the agreement that precludes UEs being configured with different values of. On the other hand, if an unequal port distribution of 4/2/2 is used, one port group pair carries a first layer, while the second and third groups are carried by one port each. In this way, all pairs of elements are coherent, there are still 4 groups of coherent elements, and therefore the precoders can be in line with the agreement on  configuration.
Similar to , higher rank precoders can be used to combine groups non-coherently for lower ranks. If the rank 4 precoders spread across four antenna groups, i.e., layer split of (1,1,1,1), is used i) for rank 1, the combined signal from all 4 groups is combined non-coherently, ii) for rank 2, two pairs of groups are non-coherently combined, and iii) for rank 3, two groups are combined only for one layer, while the other two groups each carry a layer, making all 8 ports active in each case. Accordingly, in the following, the performance of the full power Mode 1 8 Tx PC precoders is evaluated for . Three cases are considered, i) the non-full power 8 TX PC precoders with Rel-15 power-scaling (PS), ii) the non-full power 8 TX PC precoders with Rel-16 Mode 0 PS, and iii) the non-full power 8 TX PC precoders (with Rel-15 PS) along with the full power Mode 1 8 Tx PC precoders (Rel-16 Mode 1 PS). Note that the non-full power 8 Tx PC precoders evaluated here is with the agreed layer splits with pruning Alt b, giving a total of 123 precoder candidates including 8, 28 and 44 candidates for rank 1, 2 and 3, respectively. For the full power Mode 1 8 Tx PC precoders, a subset of rank 4 precoders with layer split of (1,1,1,1) are selected to be included for the rank 1, 2 and 3 transmissions, such that each antenna group has two possible 2-Tx precoders with BPSK co-phasing between the polarizations. Accordingly, the possible 2-Tx precoders per antenna group (with 1 port per polarization and one layer per antenna group) is given by , which co-phase the antenna ports (within an antenna group) across polarization with  and  , respectively. Based on the above, the 8-Tx PC full-power precoders can be designed, such that 
· For rank 1, the layer is transmitted from all the four non-coherent antenna groups, with each group having two possible 2-Tx rank-1 precoders, thereby giving 16 possible 8-Tx full power Mode 1 precoders, as shown in Table 4. 
· For rank 2, the two layers are transmitted from all the four non-coherent antenna groups, such that each layer is transmitted over a pair of antenna groups. In other words, the first layer is transmitted over antenna group 1 and 2, while the second layer is transmitted over antenna group 3 and 4. Since, each group can have two possible 2-Tx rank-1 precoders, there are 16 possible 8-Tx full power Mode 1 rank 2 precoders, as shown in Table 4.
· For rank 3, the three layers are transmitted from all the four non-coherent antenna groups, such that the first layer is transmitted over a pair of antenna groups, whereas the second and third layers are transmitted over one antenna group each. In other words, the first layer is transmitted over antenna group 1 and 2, while the second and third layers are transmitted over antenna group 3 and 4, respectively. Since, each group can have two possible 2-Tx rank-1 precoders, there are 16 possible 8-Tx full power Mode 1 rank 3 precoders, as shown in Table 4.
This gives a total 48 full power Mode 1 precoders, with 16 full power precoders for each of rank 1, 2 and 3.  The current codebook size without Mode 1 precoders is 992 precoders for up to rank 8, adding 48 precoders would increase the codebook size to 1040, which is just beyond 10 bits. On the other hand, if only the 16 rank 1 Mode 1 precoders are added, with the already agreed single Mode 1 precoders for ranks 2 and 3 respectively, the DCI size is exactly 992+16+1+1=1010. If support for Mode 1 precoders with ranks 2 and 3 is also desired, there are 8 rank 3 precoders for each layer split that goes across 3 groups, which totals 4 * 8 = 32 precoders. These can be removed from the codebook, since the new Mode 1 precoders cover 4 antenna groups, and the layers split over two antenna groups can be kept (since they only use 12 precoders). Then the total number needed if the ranks 2 and 3 Mode 1 precoders are included is 992 + (48 – 32) = 1008, which fits into 10 bits. Accordingly, the layer split for the full power Mode 1 transmission for  when ranks 2 and 3 Mode 1 precoders are included can be given by Table 1. 
[bookmark: _Ref149922058]Table 1	Layer Splits for  UL FPTx Mode 1 codebook
	
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups
	Layers split across 3 Antenna Groups
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
	· 
	· 
	(1,1,1,1)

	2
	(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
	· 
	· 
	(1,1,1,1)

	2
	· 
	(1,1,0,0), (1,0,1,0), (1,0,0,1), (0,1,1,0),
(0,1,0,1), (0,0,1,1)
	· 
	· 

	3
	· 
	(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1)
	· 
	· 

	3
	· 
	· 
	(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
	(1,1,1,1)

	4
	· 
	(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)
	
	(1,1,1,1)

	5
	· 
	
	(2,0,2,1), (0,2,2,1)
	(1,1,2,1)

	6
	· 
	· 
	(2,2,2,0), (2,0,2,2)
	(2,1,2,1)

	7
	
	
	
	(2,1,2,2)

	8
	
	
	
	(2,2,2,2)


 
48 new precoders, 16 for each of ranks 1-3, are needed to support UL FPTx Mode 1 with  partially coherent precoding. The new precoders imply three new layer splits (one for each rank).
Precoders with 4 active groups (that is, layers splits (1,1,1,1)) should be specified for rank 1 precoders for UL FPTX Mode 1 with partially coherent precoding.
Precoders with 4 active groups (that is, layers splits (1,1,1,1)) should be specified for rank 2 and 3 precoders for UL FPTX Mode 1 with partially coherent precoding. An  codebook used with UL FPTx Mode 1 configured should not contain precoders for rank 3 that correspond to layer splits {(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)}.

A4 Precoder tables
[bookmark: _Ref142556914][bookmark: _Ref146884228]	Table 2 	NC full power Mode 1 precoder candidates for 
	Rank
	NC full power Mode 1 precoder candidates

	1
	

	2
	;;

	3
	;  

	4
	



              
[bookmark: _Ref142558172]Table 3	 PC full power Mode 1 precoder candidates for rank 1 and 
	Rank
	PC full power Mode 1 precoder candidates for 

	1
	;








[bookmark: _Ref142560251]Table 4   PC full power Mode 1 precoder candidates for rank 1-3 and 

	Rank
	PC full power Mode 1 precoder candidates for 

	1
	


	2
	



	3
	







A5 Simulation parameters
[bookmark: _Ref147233224]Table 5	Parameters for SLS simulations for “indoor FWA” scenario
	System-level simulation parameters

	Metric
	UL mean and cell-edge user throughput

	Scheduler
	Proportional Fair

	Traffic model
	FTP Model 1

	ISD
	200 m

	Number of sites
	7

	Number of UEs
	10000

	UE distribution
	100% Indoor

	Handover margin
	3 dB

	Carrier frequency
	3.5 GHz 

	Bandwidth
	20 MHz or 100 MHz 

	Subcarrier spacing
	30 kHz

	Channel model
	UMi (according to TR 38.901)

	Packet size
	500 kB

	MIMO scheme
	SU-MIMO

	Power mode
	Rel-16 Mode 0

	Power control
	or   

	Modulation
	Up to 256 QAM

	Receiver
	MMSE-IRC

	BS antenna configuration
(for outdoor BS)
	(,,,,,,) = (8,8,2,1,1,4,8) with (, ) = (0.5, 0.8)


	BS antenna pattern
	Directional (8 dBi, 65 BW)

	BS antenna height
	According to TR 38.901

	BS noise figure
	5 dB

	UE antenna configuration
	1x4 ULA or two 1x2 ULA (back-to-back) or four dual-polarized antenna pointing in four different direction, randomly oriented

	UE antenna pattern
	Isotropic (for )/Directional (8 dBi, 65 BW for or 4 dBi, 110 BW for )

	UE antenna height
	According to 36.873

	UE transmit power
	23 dBm

	UE speed
	3 km/h
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