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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.  Next, the need for additional full power TPMIs to support uplink full power MIMO Mode 2 with partially coherent codebooks and 4 antenna port groups are considered. Lastly, mechanisms to identify coherence among ports that are missing in the current specifications are addressed.  
[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 for both Modes 1 and 2, followed by the issue of how to define port groups and coherence among the ports in the port groups.
Full power UL MIMO
In RAN1#114, initial support for full power MIMO modes was introduced according to the agreements below.

	Agreement (RAN1#114)
For an 8TX UE, with Ng=2, configured for full power transmission with ‘fullpowerMode1’, at least following precoder is supported 
	Rank = 1

	


· FFS other additions

Agreement (RAN1#114)
For an 8TX UE, with Ng=4, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,
	Rank 1
	Rank 2
	Rank 4

	
	
	None


· FFS other additions

Agreement (RAN1#114)
For an 8TX UE, with Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported,
	Rank 1
	Rank 2
	Rank 3
	Rank 4

	
	
	FFS
	FFS


· FFS other additions
· Precoders for rank>4 are not introduced in Rel-18
Agreement (RAN1#114)
For an 8TX UE, with Ng=4 and Ng=8, configured for full power transmission with ‘fullpowerMode1’, at least following precoders are supported per rank,

Agreement (RAN1#114)
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’ for Ng=2
· UE power capability is indicated per antenna group, where for an indicated group, full power is supported for all ranks
· For when Ng=2, a single bit is used to indicate which of the antenna group has full power capability.

Agreement (RAN1#114)
For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’,
· Subject to UE capability, a maximum of 2 or 4 SRS resources are supported in an SRS resource set with usage set to 'codebook',
· An SRS resource set can be configured with one or more of 1-, 2-, 4-, or 8-port SRS resources.

Conclusion (RAN1#114)
· Full power transmission with ‘fullpowerMode2’ with TPMI capability reporting when Ng=4 is not supported in Rel-18
· Full power transmission with ‘fullpowerMode2’ with TPMI capability reporting when Ng=8 is not supported in Rel-18




From these agreements, it can be seen that additional full power Mode 1 precoders should be further discussed, since they are FFS.  Furthermore, while full power Mode 2 SRI based capabilities are complete, RAN1 was unable to reach consensus on support for full power TPMIs for Mode 2 for both the Ng=4 and Ng=8 cases.  In the following we discuss additional precoders required for proper operation of uplink full power MIMO Mode 1 and the need for additional full power TPMIs to support uplink full power MIMO Mode 2 with partially coherent codebooks and 4 antenna port groups.
Full power Mode 1
A summary of the proposed Mode 1 precoders 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.
Precoders for Ng=8
For the non-coherent codebook, so far only one precoder per rank for ranks 1-3 has been agreed for use with full power Mode 1.  It has been proposed to include the rank 4 precoder below for Mode 1 in the non-coherent codebook.  This seems straightforward to us, since it will provide 3 dB more power per layer than the single port per layer currently supported in the non-coherent codebook.

[bookmark: _Toc146884408]Include a precoder of the form [I I]T where I is a 4x4 identity matrix, for use in the non-coherent codebook (i.e. with Ng=8 port groups) when configured full power Mode 1
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.

[bookmark: _Toc146884409]For full power Mode 1, additionally support 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)) 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.

[bookmark: _Toc146884410]For full power Mode 1, additionally support 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)) 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. 
[bookmark: _Toc146884411]For full power Mode 1 and rank 2 with Ng=8, additionally support the 6 precoding matrices [pi pj] formed from any combination of the additional rank 1 precoders {p0, p1, p2, p3}.
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.  
[bookmark: _Toc146884412]For full power Mode 1 and rank 3 with Ng=8, additionally support the 4 precoding matrices [pi pj pk] formed from any combination of the additional rank 1 precoders {p0, p1, p2, p3}.
Precoders for Ng=2
Similar to the non-coherent codebook, only one precoder per rank has been agreed so far 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 to non-coherently combine within 1 layer, rather than over 2 layers. The new precoders imply one new layer split.
[bookmark: _Toc146884413]The 16 rank 1 precoders in Table 3 are 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 are also supported when the UE is configured for UL FPTX Mode 1.
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: _Ref142560644]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).
[bookmark: _Toc146884414]Precoders with 4 active groups (that is, layers splits (1,1,1,1)) are specified for rank 1 precoders for UL FPTX Mode 1 with partially coherent precoding.
[bookmark: _Toc146883298][bookmark: _Toc146883367][bookmark: _Toc146883995][bookmark: _Toc146884415][bookmark: _Toc146884416][bookmark: _Toc146884417]Precoders with 4 active groups (that is, layers splits (1,1,1,1)) are 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 does 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)}.
Full power Mode 2
In RAN1#114, details of support for SRI indication for full power Mode 2 were agreed.  The SRI indication is a straightforward extension of what is used for Rel-16 by adding support for an 8 port SRS resource and support for 2 or 4 SRS resources.  Consequently, the SRI indication mechanism for Mode 2 seems complete.  
Details of support for full power SRI TPMIs for Mode 2 were agreed in RAN1#114, but these are only complete for Ng=2.  For Ng=2, full power TPMIs are identified by antenna port groups.  The rationale for this is that each port group always transmits with at least half power, and so it is only necessary to identify one port group that has full power for Mode 2. The reason that port groups have at least half power is that each port contains no less than 1/8 of the total power and each port group has 4 active ports since fully coherent precoders are used.
In the Ng=4 case, each port group contributes at least one fourth of the power, and so port groups can be combined together to provide full power.  This leads to many different possible ways to define full power capability.  Which port groups are active and whose power combines is controlled by the layer splits, and so in RAN1#114, proposals were made based on the layer splits, which led to the following proposal:
Proposal 6.1: For an 8TX UE, configured for full power transmission with ‘fullpowerMode2’, for when Ng=4,
· One or more of the following categories with full power capability is specified, where,
· UE selects and reports a subset of the categories
· Full power is supported by joint use of the indicated antenna group(s) in each category, where x may be from 1 or 2
· Down-select from, 
· Alt1: Full power capability is selected for a limited number of the categories from
	Indicated Category
	Supported layer-splitting cases for Ng=4

	Category 1
	(x, 0, 0, 0)

	Category 2
	(0, x, 0, 0)

	Category 3
	(0, 0, x, 0)

	Category 4
	(0, 0, 0, x)

	Category 5
	(x, x, 0, 0)

	Category 6
	(x, 0, x, 0)

	Category 7
	(x, 0, 0, x)

	Category 8
	(0, x, x, 0)

	Category 9
	(0, x, 0, x)

	Category 10
	(0, 0, x, x) 

	Category 11
	(x, x, x, 0)

	Category 12
	(x, x, 0, x)

	Category 13
	(x, 0, x, x)

	Category 14
	(0, x, x, x)



· Alt2: Full power capability is indicated based on one of the following categories
	Indicated Category
	Supported implementations for Ng=4

	Category 1
	Full power is supported by one of antenna groups: 
(x,0,0,0), (0,x,0,0), (0,0,x,0), (0,0,0,x), 

	Category 2
	Full power is supported by two adjacent antenna groups: (x,x,0,0), (x,0,0,x), (0,x,x,0), (0,0,x,x)

	Category 3
	Full power is supported by two non-adjacent antenna groups: (x,0,x,0), (0,x,0,x), 

	Category 4
	Full power is supported by three antenna groups: 
(x,x,x,0), (x,x,0,x), (x,0,x,x), (0,x,x,x)



Alt1 can allow full flexibility for the UE to have any PA power supported by all layer splits and combinations of layer splits, including where each category can be selected independently using a 14 bit bitmap corresponding to each layer split.  It is desirable to have flexible UE capability in order to allow a wide variety of practical UE implementations without the UE under-reporting its capability.  However, the benefit of this high a level of flexibility is unclear:
· There is no clear relation between a 14 bit bitmap solution and what realistic UE antenna structure and PA power allocations would look like.  For example, categories 11-14 would seem to imply that there are 3 PAs with 1/6 total power and two PAs with 1/8 total power each.  These seem to be pretty unlikely combinations.  
· For the signaling to be beneficial, there should be a performance gain in the network.  Full power TPMIs are used to improve the performance of group selection, which is beneficial when elements on one panel experience different fading, or when antenna gain and the channel varies among panels. Being able to select among a few possibilities for different PA powers for different panels or Tx chains should be enough reap the gains from full power TPMIs.  
· Having this high level of flexibility means that the network must adjust its scheduling for each layer split and for each UE.  This adds substantially to the scheduler complexity.  
Overall, Alt1 seems far too complex.
Our understanding of Alt2 is that it simplifies the capability indication by assuming the UE can map the PAs that combine to full power to a fixed set of ports, e.g. the first N ports, and that the network is aware of this mapping. However, if such a remapping is used, then category 3 seems redundant, since the port groups could be reorder to match category 2.
Regarding the wording in Alt2 ‘based on one of the following categories’ means that only one of categories 1-4 is reported.  This would mean that at most 4 distinct UE capabilities are supported (if all 4 categories are kept).
We are skeptical on the need for Category 4, since we doubt that 1/6 power PAs are likely to be used in UEs. 
Overall, for Alt 2, there are far fewer categories needed than for Alt 1, and the UE implementation is more clear: the network can assume for categories 1, 2&3, and 4 that the first 2, 4, or 6 ports can each carry 1/2, 1/4, or 1/6 of the total power.  Therefore, Alt2 is a much better solution than Alt 1 in our view.
The need for any solution for N=4 full power TMPIs is not necessarily large in the first place.  Mode 0, Mode 1 and Mode 2 with SRI are already defined for Ng=4. We would further anticipate that the Ng=4 case is more likely to use panels and therefore directional antennas, which further reduces the need for full power TPMIs.
If full power TPMI capabilities for Mode 2 uplink full power MIMO are to be supported for the partially coherent codebook with Ng=4, only a very small number (on the order of two) seems needed to reap any practical benefit.  Details of such capabilities should be carefully considered and relate to likely UE architectures.
[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 difficult 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 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, ports {0,1,4,5} and {2,3,6,7} should be mutually coherent, but there are no means in 38.211 to determine this.
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.
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, 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.
Therefore, there seems to be some need to define port groups. Then using port groups, one simple way to define coherence is the following:
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 is not acceptable, a (less desirable) alternative could be to define the behavior by RAN4 relative phase requirements.  From a UE implementation perspective, this might have the merit of being a less strict definition of coherence, since UEs would only be required to maintain a certain amount of relative phase among antenna ports, rather than following a strict transmission procedure according to RAN1 specifications.  On the other hand, because it is less strict, 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.
[bookmark: _Toc146884418]Define antenna port groups according to the parameter CodebookType.
[bookmark: _Toc146884419]As a first preference, define which ports of port groups are mutually coherent in RAN1 specifications.  If this is not agreeable, conclude that RAN1 assumes that RAN4 will define relative phase requirements within port groups for partially coherent operation, and so no RAN1 specification of port group coherence is needed for 8 Tx.
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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.  Next, the need for additional full power TPMIs to support uplink full power MIMO Mode 2 with partially coherent codebooks and 4 antenna port groups was considered. Lastly, mechanisms to identify coherence among ports that are missing in the current specifications were addressed.  
Based on the discussion, we made the following proposals:
Proposal 1	Include a precoder of the form [I I]T where I is a 4x4 identity matrix, for use in the non-coherent codebook (i.e. with Ng=8 port groups) when configured full power Mode 1
Proposal 2	For full power Mode 1, additionally support 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)) for Ng=8 and rank 1.
Proposal 3	For full power Mode 1, additionally support 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)) for Ng=8 and rank 1.
Proposal 4	For full power Mode 1 and rank 2 with Ng=8, additionally support the 6 precoding matrices [pi pj] formed from any combination of the additional rank 1 precoders {p0, p1, p2, p3}.
Proposal 5	For full power Mode 1 and rank 3 with Ng=8, additionally support the 4 precoding matrices [pi pj pk] formed from any combination of the additional rank 1 precoders {p0, p1, p2, p3}.
Proposal 6	The 16 rank 1 precoders in Table 3 are 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 are also supported when the UE is configured for UL FPTX Mode 1.
Proposal 7	Precoders with 4 active groups (that is, layers splits (1,1,1,1)) are 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)) are specified for rank 2 and 3 precoders for UL FPTX Mode 1 with partially coherent precoding.
Proposal 8	An  codebook used with UL FPTx Mode 1 configured does 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)}.
Proposal 9	Define antenna port groups according to the parameter CodebookType.
Proposal 10	As a first preference, define which ports of port groups are mutually coherent in RAN1 specifications.  If this is not agreeable, conclude that RAN1 assumes that RAN4 will define relative phase requirements within port groups for partially coherent operation, and so no RAN1 specification of port group coherence is needed for 8 Tx.
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