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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk118125745]One of Rel-18 MIMO evolution WID scopes is to enable 8 Tx UL operation to support 4 and more layers per UE [1]. The following agreements were reached in RAN1#112 [2]:
	Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
1. Precoding matrices generated according to (O1, O2) = (1, 1) is supported
1. Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
1. Subject to UE capability
1. FFS: Different O1, O2 values for different ranks

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
·  Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated.
· FFS: Details on how to signal

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
 Study whether/how to support (O1, O2) = (2,1), (2,2)
o whether for all rank, or rank 1-2, or rank 3-8
o applicability of different (O1, O2) values per agreed (N1, N2)
o companies are encouraged to submit simulation results

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .

Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused

Agreement
For CB-based 8TX PUSCH transmission, where Mode 2 uplink full power transmission (if supported) is not used, re-use legacy Rel-15 mechanism, that is
· when only one SRS resource in a resource set is configured, the SRI field in DCI is absent, 
· when two SRS resources are configured in a resource set, 1 bit of SRI field in DCI is used to indicate the selected SRS resource in the set.

Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)


· Select from the following cases based on the performance and overall DCI overhead
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2), (3,1), (1,3)

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.


In this contribution, we provide our views on the support of UL 8TX operation including the 8Tx codebook design and the TPMI indication mechanism.

Discussion
Antenna Configuration
Antenna layout
In RAN1#109-e it was agreed to model the antennas to Ng antenna groups, wherein antennas within one antenna group are fully coherent with uniform spacing, and antennas across antenna groups can be non-coherent or coherent dependents on UE device, with antenna spacing across antenna groups is set FFS. One typical example is that each antenna group corresponds to an antenna panel.
One advantage of introducing the notion of antenna groups is the generalizability. Ng=1 corresponds to a fully-coherent system, Ng=8 corresponds to a non-coherent system if antennas across antenna groups are non-coherent. Ng=2 and 4 may correspond to a form of a partially-coherent antennas setup if antennas across antenna groups are non-coherent. We prefer to make the following clarifications:
· Antenna configurations of different antenna groups are identical, with respect to the number of antennas per group, the antenna spacing, antenna type and polarization.
· The antennas within the same antenna group are coherent. 
· The coherence assumption for two antennas across different groups are also the same.

[bookmark: _Hlk110357498][bookmark: _Toc111043361][bookmark: _Toc115251784][bookmark: _Toc115251838][bookmark: _Toc115427436][bookmark: _Toc118388524][bookmark: _Toc118469213][bookmark: _Toc119226039][bookmark: _Toc127259646][bookmark: _Toc127540811]Use antenna grouping to represent different UL Tx coherence assumptions, with the following conditions
· [bookmark: _Toc118469214][bookmark: _Toc119226040][bookmark: _Toc127259647][bookmark: _Toc127540812][bookmark: _Toc111043362][bookmark: _Toc115251785][bookmark: _Toc115251839][bookmark: _Toc115427437][bookmark: _Toc118388525]Antennas within an antenna group are coherent.
· [bookmark: _Toc118469215][bookmark: _Toc119226041][bookmark: _Toc127259648][bookmark: _Toc127540813]Antennas within an antenna group are uniformly spaced.
· [bookmark: _Toc118469216][bookmark: _Toc119226042][bookmark: _Toc127259649][bookmark: _Toc127540814]Antenna configurations of different antenna groups are identical.
· [bookmark: _Toc111043364][bookmark: _Toc115251787][bookmark: _Toc115251841][bookmark: _Toc115427439][bookmark: _Toc118388527][bookmark: _Toc118469217][bookmark: _Toc119226043][bookmark: _Toc127259650][bookmark: _Toc127540815]Coherence assumptions of two antennas across two antenna groups are the same.
[bookmark: _Toc115251788]Based on the above principle, we provide the dual-polarized antenna structure with antenna numbering for each or the supported antenna layouts as illustrated in Figure 1. We will provide the codebook design based on the illustrated antenna layout.






[bookmark: _Ref115159370]Figure 1 8Tx antenna layouts with antenna numbering
Note that while antenna groups characterize the coherence within antenna ports of the same group, the coherence assumption across different coherence groups is not clear. Considering Antenna layout 3-a above, antennas across the four antenna groups may be fully-coherent, in which  case all antennas can be considered to belong to one ‘coherence group’, i.e., Nc=1. Hence, Nc can be defined as the number of antenna groups in which all antennas of the antenna groups are coherent. Alternatively, if  two antenna groups are not coherent, in which case each antenna group belongs to a different coherence group, i.e., Nc=Ng. Using the notion of coherence groups also opens the door to support more flexible assumptions on coherence, e.g., two coherence groups, where the first coherence group corresponding to antennas across nNg=0 and nNg=1 (antennas 0, 1, 4, 5) are fully coherent, and the second coherence group corresponding to antennas across nNg=2 and nNg=3 (antennas 2, 3, 6, 7) are also fully coherent, whereas antennas across the two coherence groups are non-coherent. In our opinion, Ng does not suffice to characterize both the antenna layout and coherence assumption, and hence introducing Nc corresponding to coherence groups is needed. We therefore propose the following
[bookmark: _Hlk115138283][bookmark: _Toc115427440][bookmark: _Toc118388528][bookmark: _Toc118469218][bookmark: _Toc119226044][bookmark: _Toc127259651][bookmark: _Toc127540816][bookmark: _Hlk118118636]A number of antenna coherence groups Nc is used to characterize the coherence assumption across Ng antenna groups, where Nc is the number of antenna groups in which all antennas of the antenna groups are coherent, and  .

Coherence-based antenna grouping 
In RAN1#110bis-e, it was agreed to down-select from three alternatives for coherence-based antenna grouping under partial-coherent UEs with different numbers of coherence groups, as follows:
For Nc=2: 
· 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 Nc=4:
· 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}
In our opinion, the selection of alternatives should depend on the antenna type. For instance, for cross-polarized antennas, antennas of the first polarization (e.g., horizontally-polarized) take on consecutive antenna port IDs, followed by antennas of the second polarization (e.g., horizontally-polarized). This antenna mapping is analogous with DL CSI-RS port mapping, which allows for adopting a block-diagonal codebook structure in both DL Type-I and Type-II codebooks, where . Moreover, it is intuitive to assume that for a cross-polarized antenna layout, a co-located antenna pair representing the two polarizations would belong to the same antenna group. Given that, our preference for coherence-based antenna grouping for Nc=2 is Alt-2, whereas for Nc=4 our preference is Alt-1. An illustration is provided in Figure 1 for the coherence-based antenna grouping.
[bookmark: _Toc118388530][bookmark: _Toc118469220][bookmark: _Toc119226046][bookmark: _Toc127259653][bookmark: _Toc127540818]For coherence-based antenna grouping under partial-coherent UEs:
· [bookmark: _Toc118388531][bookmark: _Toc118469221][bookmark: _Toc119226047][bookmark: _Toc127259654][bookmark: _Toc127540819]Nc=2: Support Alt-2, i.e.,: two coherent groups of {0,1,4,5} and {2,3,6,7}
· [bookmark: _Toc118388532][bookmark: _Toc118469222][bookmark: _Toc119226048][bookmark: _Toc127259655][bookmark: _Toc127540820]Nc=4: Support Alt-1, i.e.,: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}

 Codebook design
[bookmark: _Ref115159518] Codebook for partial-coherent UE
By the end of RAN1#112 meeting, the following agreements were reached regarding codebook design for partial coherent UE:
	Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	1
	(1,0), (0,1)
	· 

	8
	· 
	(4,4)



· Select from the following cases based on the performance and overall DCI overhead
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2), (3,1), (1,3)

	5
	· 
	(4,1), (1,4), (2,3), (3,2)

	6
	· 
	(4,2), (2,4), (3,3)

	7
	· 
	(4,3), (3,4)


Note: Above is not relevant to how precoders are indicated.




The difference between two and four antenna groups leads to significant differences in their design. Below we discuss the codebook design for Ng=2 and Ng=4 separately.
Ng=2

With two coherent antenna groups, the precoder for each group can be taken from the R15 4TX full codebook, where the sum of the transmission ranks of the two groups, r1 and r2, is equal to the total transmission rank r. To balance the transmission from the two groups, r1 and r2 should be as close as possible. Rank combinations such as (3,1), (1,3), (4,1), (1,4) or (4,2), (2,4) are thus excluded. We support the following layer assignment across the two groups:

Table 1: Layer split across two antenna groups for Ng=2.
	Rank
	Layers split across 2 Antenna Groups

	1
	(1,0) or (0,1)

	2
	(1,1)

	3
	(1,2) or (2,1)

	4
	(2,2)

	5
	(2,3)

	6
	(3,3)

	7
	(3,4)

	8
	(4,4)



This is inline with the previous agreement to support up to 8 layers. The reason only a single layer split is supported for rank 5 ((2,3)), or rank 7 ((3,4)) is that when two codewords are mapped to 5 or 7 layers with the DL codeword-to-layer mapping rule, these are the layers mapped to a same codeword. It is much easier to choose the TPMI and MCS for a codeword in a single antenna group than across two groups. The total transmission rank r is indicated by the TRI field in the DCI, and the individual rank r1 and r2 are derived from r using the table. 
Support layer splitting across two antenna groups in Table 1 for Ng=2.
Support to have separate fields for TRI and TPMI in the DCI.

The precoding matrix for each antenna group is selected from the R15 codebook of the corresponding rank.
Compared with 4TX, one of the advantage of 8TX is more diversity. For rank 1, R15 4TX codebook allows antenna port selection (TPMI 0-3) or ports selection (TPMI 4-11) in Table 6.3.1.5.2/3. Although they are designed primarily for non-coherent and partial coherent UEs, full coherent UEs can also use these codewords when these precoding matrices outperform the others and the transmission is not limited by the output power of single PA. That is why in PUSCH-Config, the codebookSubset value can be set to “fullAndPartialAndNonCoherent” but not to “fullCoherentOnly”. If antenna port selection  is supported for 4TX, 8 TX antennas offer more diversity and there is no reason not to support it. We believe this principle should be carried over to 8TX codebook design for Ng=2, and the TPMI for each antenna group can point to a precoding matrix from the non-coherent, partial-coherent and full-coherent codewords of the proper rank at least for rank 1 and 2. To limit the size of the codebook and the bit-width of the TPMI field, we can limit the precoding matrices from the two antenna groups of the same type when the total rank r higher than 1. That is, only combinations like (non-coherent codeword, non-coherent codeword),  (partial-coherent codeword, partial-coherent codeword), (full-coherent codeword, full-coherent codeword) are allowed. This is reasonable considering the similarity between the two (sub)channels from the two antenna groups to a same TRP. For r=2, r1=r2=1,  the total number of allowed codewords combination is 42+82+162=336, which can be represented by 9 bits. Using the same logic, the number of codewords combinations for different ranks are:

At least for rank 1 and 2, consider using non-coherent and partial coherent and full coherent codewords from R15 rank 1 codebook.
When codewords for each antenna group can be non-coherent or partial coherent or full coherent codeword, the two 4TX codewords shall have the same type. 
There are two possible schemes to indicate the two precoding matrices in TPMI. The two codewords can be indicated either separately or jointly. Joint indication signals a combination of two precoding matrices applied to the two antenna groups. Separate indication signals a first precoding matrix for the first antenna group followed by a second precoding matrix for the second antenna group. Considering some precoding matrix combinations are excluded, if the two TPMIs are signaled separately, one of the TPMI may be signaled from a subset based on the other TPMI. Joint indication also incorporates the two possible rank combinations for rank 1 ((1,0) or (0,1)) and rank 3 ((1,2) or (2,1)) more easily. Given these considerations, we think it is better to jointly indicate the two precoding matrices in a single TPMI field.
The TPMI field indicates a combination of two precoding matrices of the corresponding rank for the two antenna groups.

Ng=4

For Ng=4, two alternatives were discussed in the previous meeting. Alt 1 is based on full-coherent precoders in R15 UL 2TX codebook, and Alt 2 is based on partial-coherent precoders in R15 UL 4TX codebook. When comparing the codebook for 2TX and 4TX from R15, we found there are more possible codewords combinations when 2TX codewords are used. This flexibility gives higher performance, so we think 2TX coherent codewords should be used. The standard effort is also less when 2TX codewords is used, since it is straightforward to indicate which 2TX codeword applies to which antenna group. 
Support to base the precoders for Ng=4 on R15 2TX full coherent codewords (Alt 1).

With 2 coherent antenna ports, 1 or 2 layers of data can be transmitted from in an antenna group. The set of codewords can be applied to each individual group is pivotal, because precoders for higher ranks (r>2) can be constructed from multiple of such codewords transmitted from multiple groups. Examining the R15 2TX codebook, there are four full-coherent codewords  for rank 1, and two full-coherent codewords  for rank 2. Setting the normalization factor aside, the two rank 2 codewords are constructed out of rank 1 codewords. If we can use any two different rank 1 codewords to form a rank 2 codeword for 2TX antennas, there are total  combinations that can be used for rank 2 transmission from a 2TX antenna group. This gives us more flexibility than to use only the two rank 2 full coherent 2TX codewords for high rank transmission. Because this flexibility translates to higher performance, it is better to construct the codebook for Ng=4 using combinations of the four rank 1 full coherent precoders  alone. 

Construct the rank 1 and rank 2 codebook for individual antenna group for Ng=4 using the four rank 1 full coherent precoders  alone, and apply multiple such codewords to multiple antenna groups for high rank transmission.
For r=1, one of the four antenna groups needs to be selected, along with a single 2TX codeword. Because there are 4x4=16 possible combination of (antenna group, codeword),   for antenna group and   for codewords from , 4 bits is required for TPMI for rank 1.

For r=2, it is better to transmit the two layers from two different antenna groups. So two antenna groups need to be selected together with two codewords from  Considering the channels for different antenna groups to the TRP are correlated, it is better to avoid using the same precoding matrix in two antenna groups. This requires to select two different precoders from the set . Total there are  possible (antenna groups, codewords) combination. To reduce the signaling overhead, a subset can be defined out of the 36 possibilities. For example, 32 can be selected to reduce the signaling overhead to 5 bits.

For r=3, three antenna groups can be used to transmit 1 layer each. Again repetition of codewords for different groups should be avoided. The allowed number of (antenna groups, codewords) combination is , requiring 4 bits to be used.

For r=4, all 4 antenna groups are used to transmit 1 layer each. Considering there are four codewords in  and each codeword can only be  used once, all four codewords need to be used. Because the channels from the four antenna groups to the TRP are correlated, permutation of the four codewords applied to the four antenna groups may not produce much gain. To make it simple, we can fix the codeword applied to each antenna group and produce a fixed rank 4 codeword. For example, when the four precoders in  are applied to antenna groups 0 to 3 sequentially, the resulting single rank 4 precoding matrix is

where each antenna group is a pair of antenna ports corresponding to two adjacent rows of the matrix. 
No signaling is required to indicate this single precoding matrix. 

For rank r=5, the precoding matrix can be constructed on top of a fixed rank 4 precoding matrix  by adding an additional rank 1 precoder from  to the rank 1 precoder already used to one of the four antenna groups. For example, when the rank 1 codeword   is applied to antenna group 2 which is already transmitting with the codeword , two layers will be transmitted from group 2 with an effective new precoding matrix 

The precoding matrix of the other three groups are unchanged. Considering the rank 4 precoder is fixed and does not require any signaling, the TPMI field only needs to signal which rank1 codeword in  is applied to which antenna group. Additional attention needs to be paid to which antenna group is used to transmit the additional layer, and which rank 1 precoder can be used. Because of the DL codeword-to-layer mapping rule is reused for rank higher than 4 for 2 CWs, the second codeword has 1 more layer than the first codewords for rank 5 (and rank 7). This makes the additional data layer can only be transmitted from antenna group 2 or 3. To transmit two layers from a 2 TX antenna group, the precoders for the two layers need to be different. This leaves only three possible rank 1 precoders from  for the selected antenna group. The leaves the number of (antenna group, codeword) combination to , requiring 3 bits for the TPMI field. 

Similar to r=5, rank 6 precoding matrix can be constructed on top of a fixed rank 4 precoder. Two additional rank 1 precoders from  will be added to two selected antenna groups on top of the precoders they already use in . Following the codeword-to-layer mapping rule for 6 layers, the first additional layer shall be assigned to antenna group 0 or group 1, and the second additional layer shall be assigned to antenna group 2 or 3. This makes the CW0 of 3 layers transmit from antenna group 0&1, CW1 of 3 layers transmit from antenna group 2&3, i.e. no antenna group transmits data from two codewords. The restriction that the additional layer is transmitted with a different rank 1 codeword already used in the same antenna group still applies. Some examples of allowed (port groups, codewords) combinations are ((0,2), (1,3)), ((1,2), (2,4)), ((1,3), (2,0)) where the rank 1 codewords are selected from the set . There are total 28 possible (antenna groups, codewords) combinations for rank 6. 

Similarly, rank 7 precoding matrix can be constructed on top of a fixed rank 4 precoder by adding three additional rank 1 precoders from  to three selected antenna groups on top of the precoders they already use in . Following the codeword-to-layer mapping rule, the first additional layer shall be transmitted from antenna group 0 or group 1, and the second and third additional layers shall be transmitted from  antenna group 2 and 3. This makes the CW0 of 3 layers transmit from antenna group 0&1, CW1 of 4 layers transmit from antenna group 2&3. The restriction that the additional layer is transmitted with a different rank 1 codeword already used in the same antenna group still applies. When port groups (PG0, PG2,PG3) are used to transmit three additional layers, examples of the codeword combinations that can be applied to these three groups include (2,3,0), (3,0,2), (1,0,2), (2,0,1). When port groups (PG1, PG2,PG3) are used to transmit three additional layers, examples of the codeword combinations that can be applied to these three groups are (2,3,1), (3,1,2), (0,1,2), (2,1,0) and (2,0,1). There are total 22 possible (antenna groups, codewords) combinations for rank 7. 

Rank 8 precoder can be constructed by adding one rank 1 precoder to each of the four antenna groups. Codeword CW0 transmits 4 layers from antenna groups 0&1, and CW1 transmits 4 layers from antenna groups 2&3. Since all 4 port groups need to transmit a second layer, there is no need to signal the port groups. The four additional rank 1 precoders shall all be different, and different from the rank 1 precoder already used in their respective antenna groups. Under these constrictions, there are total 9 possible codewords combinations applied to antenna groups 0-3: (1,0,3,2), (2,3,0,1), (3,2,1,0), (2,0,3,1), (1,2,3,0), (3,0,1,2),( 1,3,0,2),( 2,3,1,0) and (3,2,0,1).
For Ng=4, r=1,2,3, the TPMI signals r rank-1 2TX full coherent precoders for r antenna groups, each codeword applied to an antenna group.  
For Ng=4, r=4, the four rank-1 2TX full coherent precoders are applied to the four antenna groups in a fixed order, giving a single rank-4 precoder.
For Ng=4, r>4, r-4 additional rank-1 2TX full coherent precoders are applied to r-4 antenna groups on top of the respective rank-1 precoders used for rank-4 transmission, making these r-4 antenna groups each transmit two layers. The additional rank-1 2TX full coherent precoders shall be different from the rank-1 precoders used for rank-4 transmission in the same group, and shall be different from each other. 

Considering the (antenna groups, codewords) combinations need to be signaled to the UE with the TPMI, and the different number of antenna groups and codewords required for different transmission ranks, it is better to signal (antenna groups, codewords) jointly. 
The TPMI field in the DCI scheduling PUSCH signals (antenna groups, codewords) combination jointly. 

2.2.2  Codebook for fully-coherent UE
The following agreement was reached on fully-coherent 8Tx UL transmission
	Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)`
A pair of (N1, N2) can be configured with subject to UE capability.

Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
1. Study whether/how to support (O1, O2) = (2,1), (2,2)
6. whether for all rank, or rank 1-2, or rank 3-8
6. applicability of different (O1, O2) values per agreed (N1, N2)
6. companies are encouraged to submit simulation results




The R15 DL Type 1 codebook has two modes: mode 1 and mode 2. To simplify the design for UL full coherent 8TX codebook, we suggest to start with mode 1 as a baseline. In Rel-15 DL, all the parameters for each  are reported by the UE to the gNB in one or more CSI reports with different CSI formats and/or different report periods. For example, (m, n) may be reported with larger period since they corresponding to long term channel characteristic and l can be reported with short period.
For UL operation, all the parameters including m,n,() and l may need to be indicated for the UE in the UL grant for a PUSCH. How to indicate those parameters with lower DCI indication overhead can be further studied.
[bookmark: _Toc115251799][bookmark: _Toc115251849][bookmark: _Toc115427449][bookmark: _Toc118388541][bookmark: _Toc118469231][bookmark: _Toc119226057][bookmark: _Toc127259663][bookmark: _Toc127540828]Study mechanism to indicate paramters for a UE to obtain a full coherent precoding matrix and use only mode 1 of Rel-15 DL Type 1 codebook for full coherent 8TX UE.

[bookmark: OLE_LINK2]In Rel-15, DL Type-I CSI codebook for both (M,N,P)=(2,2,2) and (M,N,P)=(4,1,2) are specified, which can be used for 8Tx full-coherent codebook design. For example, 8Tx full coherent codebook can be obtained by fixing L=1 in W1 and introducing more oversampling factors. Some precoding matrix examples are provided as follows: 
· For rank 1: 
·  is a oversampled 2D DFT vector with length-MN.
· , 
·   is the co-phasing coefficient between two polarizations.
· .
· For rank 2: 
· ,
· 
· For (M, N)=(2,2),
·  
· For (M, N)=(4,1),
·  
· For ran 3/4:
·  
· 
· 
·  ,
· For (M, N) = (2,2),
·  
· For (M, N) = (4,1),
·  
· For ran 5/6:
·  
· 
·  
· ,
·  , 
· For (M, N) = (2,2)
·  , 
· For (M, N) = (4,1), 
· , 
· For ran 7/8: 
· 
· 
· ,
· , 
· ,
· For (M, N) = (2,2),
· 
· ,,.
· For (M, N) = (4,1),
· 
· ,,.

With the assumption of L=1, the codebook size for fully coherent UE is determined by the parameters of {(N1, N2), (O1, O2)}. The codebook size for each rank with some {(N1, N2), (O1, O2)} configuration is provided in Table 1.
[bookmark: _Ref127196497]Table 1 Codebook size for fully coherent UE
	Configuration parameters
	Number of precoders for different rank

	(N1, N2, Om, On)
	1
	2
	3
	4
	5
	6
	7
	8
	Total

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

	(2, 2, 2, 1)
	32
	64
	48
	48
	16
	16
	16
	16
	256

	(2, 2, 2, 2)
	64
	128
	96
	96
	32
	32
	32
	32
	512

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

	(4, 1, 2, 1)
	32
	64
	48
	48
	16
	16
	8
	8
	240



Clearly, different alternatives of the 8Tx UL codebooks lead to different signaling overhead for TPMI, which may exceed the number of bits for precoding information in PUSCH-scheduling DCI Formats, i.e., DCI Format 0_1/0_2. Based on that, the signaling overhead of TPMI for different alternatives should be considered as well as their performances. 
[bookmark: _Toc101302649][bookmark: _Toc101539872][bookmark: _Toc101983705][bookmark: _Toc102029170][bookmark: _Toc111043367][bookmark: _Toc115251800][bookmark: _Toc115251850][bookmark: _Toc115427450][bookmark: _Toc118388542][bookmark: _Toc118469232][bookmark: _Toc119226058][bookmark: _Toc127259664][bookmark: _Toc127540829]TPMI signaling overhead is considered as a performance metric together with the performance.

To compare the performance of different codebook design, we provide simulation results for different (O1, O2) configurations for (N1, N2)=(4,1) and (2,2). The detailed simulation assumption is provided in Table 2.
[image: ][image: ]
(a)                                                                               (b)
[bookmark: _Ref127452113]Figure 2 Comparison of BLER performance of different (Om, On) values for (N1, N2)=(4,1) (a) and (2,2) (b).
Larger oversample factor lead to larger codebook size and larger TPMI indication overhead, so we compare the performance for different (O1, O2) with an eye on the TPMI overhead. Figure 2(a) and Figure 2(b) illustrate the BLER of  (N1, N2)=(4,1) and (2,2) respectively with different (O1, O2) configurations. For (N1, N2)=(4,1), there is no need for (O1, O2) =(2,2) since it will the same as (2,1). At the working point (BLER=10%), (O1, O2)=(2,1) exhibits 0.45dB gain over the baseline of (1,1). For  (N1, N2)=(2, 2), (O1, O2) =(2,2) and (2,1) shows 1.1dB and 0.3dB respectively over the baseline (1,1). Based on these observation, we propose the following: 

[bookmark: _Toc127259662][bookmark: _Toc127540827]For full coherent UE, support (O1, O2)=(2,1) for (N1,N2)=(4,1), and (O1, O2)=(2,2) for (N1,N2)=(2,2) in addtion to (O1, O2) = (1, 1).

Different (O1, O2) value lead to not only different gNB implementation, but UE implementation as well. To allow flexibility for different UEs, it is better to define the supported (O1, O2) values as a UE capability.
Define the supported values for (O1, O2) as UE capability.

Codebook for non-coherent UE 
In RAN1#112 meeting, 8 rank-1 codewords have been agreed for non-coherent UE.
	Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .




For non-coherent UE, all the 8 antennas are non-coherent, and only a single antenna can be used for a PUSCH layer transmission. Therefore, 8×1 antenna selection vector(s) based codebook is enough for non-coherent UE as that for 2TX/4TX specified in NR Rel-16. In the last meeting, Each PUSCH layer is transmitted by one antenna port. Bitmap based TPMI indication for non-coherent 8Tx UE can be considered. Then the antenna ports used for each PUSCH layer transmission can be directly indicated by the TPMI field without specifying a long TPMI indication table. The case for NCB-based PUSCH is similar. Considering the agreement in the previous meeting, we propose:
[bookmark: _Toc115427441][bookmark: _Toc118388543][bookmark: _Toc118469233][bookmark: _Toc119226059][bookmark: _Toc127259665][bookmark: _Toc127540830]Introduce bitmap based TPMI indication for non-coherent 8Tx.

Non-codebook based PUSCH transmission with 8Tx
In RAN1#112, the following agreement was reached regarding NCB-based PUCH
	Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused




Since the antenna ports for PUSCH transmission is tightly coupled to the SRS antenna ports, to support 8Tx UL operation, extension for the Rel-15 SRS configuration is needed. In RAN1#110bis-e, it was agreed to support one SRS resource set with up to 8 single-port SRS resources. Different from codebook based PUSCH transmission, each SRS resource corresponds to a rank 1 precoding vector for the UE and one or more SRS resources can be indicated for the UE to obtain the precoding matrix for the scheduled PUSCH transmission. For 8Tx UE configured with 8 SRS resources for non-codebook, the gNB should indicated R out of 8 SRS resource for the UE by the SRI field in the scheduling DCI. For the UE support up to rank 8 transmission, 255 SRI combinations should be captured in TS38.212 as that for 4Tx UE in Rel-15, which leads heavy specification effort. Bitmap based SRI indication for 8Tx non-codebook based PUSCH transmission can be considered. Each bit in the 8-bit bitmap corresponds to a SRS resource and indicates whether the corresponding SRS resource is selected for the PUSCH transmission.
[bookmark: _Toc115251807][bookmark: _Toc115251857][bookmark: _Toc115427457][bookmark: _Toc118388546][bookmark: _Toc118469236][bookmark: _Toc119226062][bookmark: _Toc127259671][bookmark: _Toc127540836]Introduce bitmap based SRI indication for non-codebook based 8Tx PUSCH transmission for NSRS>4.

[bookmark: _Toc127259672][bookmark: _Toc127540837]Similar to codebook-based PUSCH, it also helps to group the layers with similar qualities into a same codeword when two codewords are transmitted. This can be done by introducing two SRI fields, each for a codeword when the total number of layers is more than 4.
[bookmark: _Toc127259673][bookmark: _Toc127540838]Introduce two SRI fields for transmission rank higher than 4. 

Support of dual-codewords UL transmission
The following agreements were reached on the dual-CW UL transmission in RAN1#112 meeting:
	Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
· Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 
· FFS: Details on how to signal

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.

Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)




The number of layers supported by a UE in PUSCH affects UE complexity. The maximal number of layer supported should be a UE capability. The maximal number of layer for PUSCH is also subject to RRC configuration in PUSCH-Config. When the maximal number of layer is no more than four, there is no need to support 2 CWs. For UE supporting the maximal number of layer 5 to 8, two CWs should be supported. 
[bookmark: _Toc127259667][bookmark: _Toc127540832]The maximal number of layer is RRC configured subject to UE capability. When a UE is configured to support more than 4 layers of PUSCH transmission, dual CW is automatically enabled.

When two CWs with more than 4 layers PUSCH is scheduled, similar with two CWs PDSCH scheduling, the parameters corresponding to the second CW including MCS, NDI, RV indication should be indicated in the UL grant.
[bookmark: _Toc127259668][bookmark: _Toc127540833]When dual CWs PUSCH transmission is enabled by the NW, the UL grant should indicate the MCS, NDI, RV indication for the second CW.

When UCI needs to be multiplexed in case of two codewords, it has been agreed in the last meeting that it can be only multiplexed in one of the codewords. To ease UE implementation, we propose to always multiplex the UCI in the first codeword. 
For two codewords, UCI is always multiplexed in the first codeword. 

To maximize the transmission capacity for two codewords, it is best that the layers in a codeword can match the MCS of the codeword. With the agreement to reuse the PDSCH codeword-to-layer mapping rule for two codewords, it is still possible to manipulate the layers contained in each codeword with the precoding matrix. For example, for full coherent transmission with 8 TX antenna, transmission layers can be arranged by permuting the columns of the precoding matrix. This can be realized by extending the set of precoders for given (i1,i2). 
[bookmark: _Toc127259669][bookmark: _Toc127540834]Support permutation of the layers in the precoding matrix. 

[bookmark: _Ref127188966]Full power transmission
The following agreements were reached in previous meetings:
	Agreement: 
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
· Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
· For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
· Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
· This can be used for other UE Power Classes as well.
	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	



Agreement: 
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.



In R16, three different full power modes named full power mode 0, full power mode 1 and full power mode 2 were specified for 2Tx as well as 4Tx non-coherent and partial coherent UE. With full power mode 0, the power control factor s is fixed as 1 to avoid the power reduction when only part of antennas are used for PUSCH transmission. With full power mode 1, some fully coherent precoders are allowed for non-coherent and partial coherent UE to enable the full power transmission by using all the antenna PAs for lower rank transmission. With full power mode 2, antenna virtualization is adopted for full power transmission. 
In RAN1#111, some potential PA architectures were discussed for full power operation. In our view, full power mode 0 and mode 2 can be firstly discussed without PA architecture assumption if full power operation is agreed to be supported for 8Tx UE in Rel-18. The full power schemes based on full power mode 1 cab be de-prioritized or it can be discussed when the codebooks for different coherent UE capabilities are ready. This is also due to the limited time left for R18 as well as the difficulty to prioritize or de-prioritize any PA architecture at this stage. 
[bookmark: _Toc127259666][bookmark: _Toc127540831]De-prioritize the full power operation for partial and non-coherent 8Tx UE based on full power mode 1.

Frequency selective UL precoding
One other alternative is to support a frequency-selective codebook design, i.e., multiple precoding matrices are supported across the BWP. Such design is similar to that of  higher resolution DL codebook compared with the Rel. 15 TPMI, e.g., via designs similar to that of DL Type-I or Rel. 15 Type-II port-selection codebooks with sub-band format. Alternatively, a dual-stage codebook design can be adopted, similar to Rel. 16/17 Type-II port-selection codebooks, where a frequency-domain transformation matrix is applied to the codebook to reduce the number of precoding matrix coefficients per Tx port. Further details are FFS.
Compared with 4Tx UL operation, 8 transmit antenna ports can provide additional gains including diversity gain and antenna array gain. Frequency selective based pre-coding for codebook based PUSCH is not supported for 4Tx UE because of the TPMI indication overhead.  However, if dual-stage codebook is adopted for 8Tx UE, frequency selective based precoding can be supported with a reasonable TPMI overhead.
We provide some preliminary evaluation on the frequency selective precoding for 8Tx UE as illustrated in Figure 3. 
 
[bookmark: _Ref101340534]Figure 3 Performance comparison of wideband precoding and sub-band precoding for 8Tx UE with Rank 1
It can be seen that the performance gain of frequency selective precoding at lower and medium SINR range is significant. For example, 42% throughput gain can be obtained at SNR=14dB. Although the maximum rank is limited to 1 in our simulation, it can be predictable that frequency selective gain can also be obtained for higher rank scenario. Given these results, the performance benefits, signaling overhead and specification impact of supporting frequency-selective precoding for 8Tx UE should be further studied.
[bookmark: _Toc101300304][bookmark: _Toc101300511][bookmark: _Toc101302650][bookmark: _Toc101539873][bookmark: _Toc101983706][bookmark: _Toc102029171][bookmark: _Toc111043366][bookmark: _Toc115251808][bookmark: _Toc115251858][bookmark: _Toc115427458][bookmark: _Toc118388549][bookmark: _Toc118469240][bookmark: _Toc119226066][bookmark: _Toc127259677][bookmark: _Toc127540842]Study the performance benefits, signaling overhead and specification impact of supporting frequency-selective precoding for 8Tx UE. 

Conclusion
In this contribution, we have made the following proposals on various aspects of 8TX UL transmission:

Proposal 1: Use antenna grouping to represent different UL Tx coherence assumptions, with the following conditions
· Antennas within an antenna group are coherent.
· Antennas within an antenna group are uniformly spaced.
· Antenna configurations of different antenna groups are identical.
· Coherence assumptions of two antennas across two antenna groups are the same.

Proposal 2: A number of antenna coherence groups Nc is used to characterize the coherence assumption across Ng antenna groups, where Nc is the number of antenna groups in which all antennas of the antenna groups are coherent, and  .

Proposal 3: For coherence-based antenna grouping under partial-coherent UEs:
· Nc=2: Support Alt-2, i.e.,: two coherent groups of {0,1,4,5} and {2,3,6,7}
· Nc=4: Support Alt-1, i.e.,: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}

Proposal 4: Support layer splitting across two antenna groups in Table 1 for Ng=2.
Proposal 5: Support to have separate fields for TRI and TPMI in the DCI.
Proposal 6: At least for rank 1 and 2, consider using non-coherent and partial coherent and full coherent codewords from R15 rank 1 codebook.
Proposal 7: When codewords for each antenna group can be non-coherent or partial coherent or full coherent codeword, the two 4TX codewords shall have the same type. 
Propoal 8: The TPMI field indicates a combination of two precoding matrices of the corresponding rank for the two antenna groups.
Proposal 9: Support to base the precoders for Ng=4 on R15 2TX full coherent codewords (Alt 1).
Proposal 10: Construct the rank 1 and rank 2 codebook for individual antenna group for Ng=4 using the four rank 1 full coherent precoders  alone, and apply multiple such codewords to multiple antenna groups for high rank transmission.

Proposal 11: For Ng=4, r=1,2,3, the TPMI signals r rank-1 2TX full coherent precoders for r antenna groups, each codeword applied to an antenna group.  
Proposal 12: For Ng=4, r=4, the four rank-1 2TX full coherent precoders are applied to the four antenna groups in a fixed order, giving a single rank-4 precoder.
Proposal 13: For Ng=4, r>4, r-4 additional rank-1 2TX full coherent precoders are applied to r-4 antenna groups on top of the respective rank-1 precoders used for rank-4 transmission, making these r-4 antenna groups each transmit two layers. The additional rank-1 2TX full coherent precoders shall be different from the rank-1 precoders used for rank-4 transmission in the same group, and shall be different from each other. 
Proposal 14: The TPMI field in the DCI scheduling PUSCH signals (antenna groups, codewords) combination jointly. 
Proposal 15: Study mechanism to indicate paramters for a UE to obtain a full coherent precoding matrix and use only mode 1 of Rel-15 DL Type 1 codebook for full coherent 8TX UE.
Proposal 16: TPMI signaling overhead is considered as a performance metric together with the performance.
Proposal 17: For full coherent UE, support (O1, O2)=(2,1) for (N1,N2)=(4,1), and (O1, O2)=(2,2) for (N1,N2)=(2,2) in addtion to (O1, O2) = (1, 1).
Proposal 18: Define the supported values for (O1, O2) as UE capability.
Proposal 19: Introduce bitmap based TPMI indication for non-coherent 8Tx.
Proposal 20: Introduce bitmap based SRI indication for non-codebook based 8Tx PUSCH transmission for NSRS>4.
Proposal 21: Introduce two SRI fields for transmission rank higher than 4.
Proposal 22: The maximal number of layer is RRC configured subject to UE capability. When a UE is configured to support more than 4 layers of PUSCH transmission, dual CW is automatically enabled.
Proposal 23: When dual CWs PUSCH transmission is enabled by the NW, the UL grant should indicate the MCS, NDI, RV indication for the second CW.
Proposal 24: For two codewords, UCI is always multiplexed in the first codeword. 
Proposal 25: Support permutation of the layers in the precoding matrix. 
Proposal 26: De-prioritize the full power operation for partial and non-coherent 8Tx UE based on full power mode 1.
Proposal 27: Study the performance benefits, signaling overhead and specification impact of supporting frequency-selective precoding for 8Tx UE. 
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Appendix

[bookmark: _Ref118467965]Table 2.  Simulation assumption
	Parameter
	Value

	Carrier Frequency
	4 GHz 

	Subcarrier spacing
	30 kHz 

	Channel Model
	CDL-C in TR 38.901 with 300ns delay spread 


	UE velocity
	3 km/h 

	Allocation bandwidth
	48 RBs

	MIMO Rank
	Rank 1

	Link adaption
	MCS=8; PMI adaptive

	Precoding and precoding granularity
	wide-band precoding 

	DMRS type
	R15 DMRS type 1 

	DMRS configurations
	Single symbol DMRS without additional DMRS symbols 


	Channel estimation
	Realistic channel estimation with ideal info of frequency sync, SNR, doppler and delay spread 

	Receiver type
	MMSE

	EVM
	No radio impairments  



Throughput of CB based PUSCH

CB wideband	SNR=-4dB	SNR=4dB	SNR=14dB	SNR=24dB	2637.49	3999.6	7547.57	16581.66	CB 4RBs/subband	SNR=-4dB	SNR=4dB	SNR=14dB	SNR=24dB	3286.56	5490.31	10903.11	17438.29	

Mbps



throughput comparision of CB based PUSCH

CB wideband	SNR=-4dB	SNR=4dB	SNR=14dB	SNR=24dB	1	1	1	1	CB 4RBs/subband	SNR=-4dB	SNR=4dB	SNR=14dB	SNR=24dB	1.2461	1.3727	1.4446000000000001	1.0516000000000001	
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