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1 Introduction
In previous meetings, the UL MIMO codebook for DFT-S-OFDM waveform has been agreed, and an LS has been sent to RAN4 to inform that RAN1 has agreed to support the following UL codebook (codebook indices 16~27) for 4TX UEs and request feedback from RAN4: 
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On UL MIMO codebook for CP-OFDM, in RAN1 #90 meeting, following agreements were made:

Agreement:

· For CP-OFDM

· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used

· One of the two following Antenna port selection mechanisms is supported; 

· Decide among the two alternatives in RAN1# 90bis

· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM

· Alt 2: SRI indicates selected antenna ports

In RAN 1 #90bis, it is further agreed that:

Agreement:

· For single SRS resource case with CP-OFDM with 2 ports 

· Use Alt 1 from RAN1#90: include TPMIs 4 & 5 for rank 1 and TPMI 2 for rank 2, except the scale factor is FFS

Agreement:

· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:

· Alt 1: Rel-10 UL, possibly with additional entries: 

· Alt 2: Rel-15 DL, possibly with additional entries: 

· Alt 3: Rel-8 DL, possibly with additional entries

· Evaluate performance of candidate codebooks & decide by RAN1#91

Therefore, codebook for CP-OFDM is still an open issue. In RAN1 #90bis, the following agreements on UE capability, SRS resource configuration were achieved:

Agreement:

NR supports 3 levels of UE capability for UL MIMO transmission 

· Full coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently

· Non-coherence

· No port pairs can be transmitted coherently

TPMI codewords from the codebook are used by gNB accordingly
For 1 SRS resource

· Full coherence

· All ports corresponding to ports in an SRS resource can be transmitted coherently

· Non-coherence

· All ports corresponding to ports in an SRS resource are not transmitted coherently

· Partial coherence

· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently

In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported

· Non-coherent inter-SRS resource transmission: 

· FFS: use of two DCI, with one TPMI per DCI

· One TPMI/TRI per SRS resource is signaled 

· Note: Indication of selection of multiple SRS resources was agreed

After the meeting, an email discussion on uplink codebook subset restriction was carried out, and the following working assumption has been reached:

Working assumption:
· For UL codebook based transmission with one SRS resource and a given number  of SRS ports, NR supports overhead reduction for TPMI and TPMI related signaling . 

· Note: TPMI is indicated in uplink DCI

· Note: Joint or separate encoding of TPMI with TRI and/or SRI is a separate issue

· Other details are FFS

In this contribution, we provide our views on the remaining issues of codebook based UL transmission.
2 Discussion
2.1 Power control for antenna port selection codewords
In the previous meeting, codebook with several antenna port selection codewords has been agreed for 4Tx DFT-S-OFDM. For CP-OFDM, a codebook with several antenna port selection codewords has been agreed for 2Tx, and additional codewords for antenna port selection are possibly included in the codebook of 4Tx. Some companies consider the scaling factor would impact the transmit power of antenna ports, so it is controversial what the scaling factors for the antenna port selection codewords should be.

In LTE, it is specified in TS36.213 that “For PUSCH, the transmit power 
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 defined in Subclause 5.1.1, is first scaled by the ratio of the number of antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted.” Therefore, in LTE, the transmit power of antenna ports are determined by UL power control, the scaling factor for antenna port selection codewords has no impact on the transmit power of antenna ports. For NR, whether the UL transmit power control  would be impacted by the scaling factor of antenna port selection codewords need to be discussed.  
For NR, partial coherent and non-coherent UE capabilities are supported. For a UE with partial coherent or non-coherent transmission capability, in the TPMI selection process it cannot choose a TPMI that maps a data layer to SRS ports that cannot be coherently combined. . Therefore, if the PUSCH transmit power is scaled by the ratio of the number of antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme, the total transmit power for partial rank transmission may be smaller than full rank transmission. Obviously, throughput can be increased with the boosting of transmit power. If the total transmit power for partial rank transmission is the same as that for full rank transmission, the performance of a single UE may be improved. However, when a PUSCH is transmitting from partial antennas, requiring per-PUSCH power to be able to reach 
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could mean the part of the antennas that a PUSCH is mapped to should be able to output the max power. This requirement will certainly add implementation complexity to PA architecture. Sometimes, the transmit power of a UE could be in a low power region. If gNB can identify that the UE would transmit in the low power region, it will be beneficial to set the UE to transmit with higher power than to scale the transmit power by the ratio of the number of used antennas ports to the number of configured antenna ports. There are lots of uncertainties in the relationship between the set UE transmission power and the actual PA power consumption. For example, each PA manufacturer has different line ups, different details of PA characteristics, and may use different PA models based on the frequency band and other features. The PA output power depends highly on these models and designs, so that it is quite difficult to capture the actual, specific PA characteristics as the typical PA characteristics. Since the choice of the PA fully depends on UE manufacturer, it is difficult for the gNB to estimate accurately how much current is consumed by PA based only on the set transmission power. 
Based on the discussions above, it is difficult for gNB to decide whether power boosting should be used when only a subset of configured antenna ports are used. We propose that:
Proposal 1: Reuse the power control mechanism for UL MIMO in LTE: Scaling the transmit power by the ratio of the number of antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports.
2.2 Codebook for CP-OFDM waveform 
In RAN1 #90bis meeting, an agreement on codebook for 4Tx of CP-OFDM waveform has been reached:

· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:

· Alt 1: Rel-10 UL, possibly with additional entries: 

· Alt 2: Rel-15 DL, possibly with additional entries: 

· Alt 3: Rel-8 DL, possibly with additional entries

For Rel-15 DL type II codebook, the overhead of TPMI would be considerable large, so in this section, we consider Rel-15 DL codebook to be Rel-15 DL type I codebook with L =1. 
Performance of candidate codebooks

In Fig. 1 and Fig. 2, we provide link level evaluation results of the candidate codebooks for comparison, where the simulation assumptions are shown in the appendix. Based on the results, it can be seen that similar performance can be achieved by Rel-15 DL codebook , Rel-8 DL and Rel-10 UL codebook. 
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Figure 1 Performance comparison of codebooks for 
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Figure 2 Performance comparison of codebooks for 
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Overhead of TPMI/TRI for candidate codebooks
The overhead of TPMI and TRI for the three alternative codebooks are shown in Table 1. In Table 1, no additional entries are considered and TPMI and TRI are encoded jointly. It can be seen that the overhead of TPMI and TRI for both Rel-8 DL codebook and Rel-10 codebook UL is 6 bits, and for Rel-15 DL type I codebook is 7bits. Rel-15 DL type I codebook is a dual-stage codebook, for frequency selective precoding, the payload of Rel-15 DL codebook may  be smaller than the other two codebooks. Considering the performance and payload of TPMI and TRI, we prefer to adopt Rel-15 DL type I codebook with L=1 as the 4Tx UL codebook for CP-OFDM. 
Proposal 2: Adopt Rel-15 DL type I codebook with L =1 as the  4Tx codebook for CP-OFDM.
Table 1 Payloads of different codebooks

	
	Payloads/codebooks (bits)

	
	R10 UL
	R8 DL
	R12 DL
	R15 DL type I

	
	
	
	
	L=1

	TPMI only, Rank 1
	W1
	5
	4
	4
	3

	
	W2
	-
	-
	4
	2

	
	Number of codewords
	24
	16
	256
	32

	TPMI only, Rank 2
	W1
	4
	4
	4
	5

	
	W2
	-
	-
	4
	1

	
	Number of codewords
	16
	16
	256
	32

	TPMI only, Rank 3
	W1
	4
	4
	0
	5

	
	W2
	-
	-
	4
	1

	
	Number of codewords
	12
	16
	16
	16

	TPMI only, Rank 4
	W1
	-
	4
	0
	5

	
	W2
	-
	-
	4
	1

	
	Number of codewords
	1
	16
	16
	16

	Payload for TPMI&TRI
	
	6
	6
	10
	7


Additional entries 
Similar to the codebook of 2Tx, antenna selection codewords should be included in 4Tx codebook for CP-OFDM. There are two purposes for introducing antenna selection codewords:
–     Power saving for the case of Tx antenna imbalance;

–     Supporting of partial coherent/non-coherent transmission.

Table 2-5 provide the additional entries for partial coherent and non-coherent transmission, some of which also can be used for antenna selection. 
Table 2 Additional entries for 1-layer UL transmission
	Index for additional entries
	Number of layers 
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Table 3 Additional entries for 2-layer UL transmission
	Index for additional entries
	Number of layers 
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Table 4 Additional entries for 3-layer UL transmission
	Index for additional entries
	Number of layers 
[image: image48.wmf]3

v

=



	0-3
	
[image: image49.wmf]100

011

1

100

6

011

éù

êú

êú

êú

êú

-

ëû


	
[image: image50.wmf]100

011

1

00

6

0

j

jj

éù

êú

êú

êú

êú

-

ëû


	
[image: image51.wmf]100

011

1

100

6

011

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image52.wmf]100

011

1

00

6

0

j

jj

éù

êú

êú

êú

-

êú

-

ëû



	4-7
	
[image: image53.wmf]100

011

1

00

6

011

j

éù

êú

êú

êú

êú

-

ëû


	
[image: image54.wmf]100

011

1

100

6

0

jj

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image55.wmf]100

011

1

00

6

011

j

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image56.wmf]100

011

1

100

6

0

jj

éù

êú

êú

êú

êú

-

ëû



	8-11
	
[image: image57.wmf]110

001

1

110

6

001

éù

êú

êú

êú

-

êú

ëû


	
[image: image58.wmf]110

001

1

0

6

00

jj

j

éù

êú

êú

êú

-

êú

ëû


	
[image: image59.wmf]110

001

1

110

6

001

éù

êú

êú

êú

-

êú

ëû


	
[image: image60.wmf]110

001

1

0

6

00

jj

j

éù

êú

êú

êú

-

êú

ëû



	12-15
	
[image: image61.wmf]110

001

1

110

6

001

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image62.wmf]110

001

1

0

6

00

jj

j

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image63.wmf]110

001

1

110

6

00

j

éù

êú

êú

êú

-

êú

ëû


	
[image: image64.wmf]110

001

1

0

6

001

jj

éù

êú

êú

êú

-

êú

-

ëû



	16-19
	
[image: image65.wmf]110

001

1

110

6

00

j

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image66.wmf]110

001

1

0

6

001

jj

éù

êú

êú

êú

-

êú

ëû


	
[image: image67.wmf]100

001

1

010

2

001

éù

êú

êú

êú

êú

ëû


	
[image: image68.wmf]100

001

1

010

2

001

éù

êú

êú

êú

êú

-

ëû



	20-23
	
[image: image69.wmf]100

001

1

010

2

00

j

éù

êú

êú

êú

êú

ëû


	
[image: image70.wmf]100

001

1

010

2

00

j

éù

êú

êú

êú

êú

-

ëû


	
[image: image71.wmf]100

010

1

100

2

001

éù

êú

êú

êú

êú

ëû


	
[image: image72.wmf]100

010

1

100

2

001

éù

êú

êú

êú

-

êú

ëû



	24-27
	
[image: image73.wmf]100

010

1

00

2

001

j

éù

êú

êú

êú

êú

ëû


	
[image: image74.wmf]100

010

1

00

2

001

j

éù

êú

êú

êú

-

êú

ëû


	
[image: image75.wmf]110

001

1

110

5

000

éù

êú

êú

êú

-

êú

ëû


	
[image: image76.wmf]110

001

1

0

5

000

jj

éù

êú

êú

êú

-

êú

ëû



	28-31
	
[image: image77.wmf]110

000

1

110

5

001

éù

êú

êú

êú

-

êú

ëû


	
[image: image78.wmf]110

000

1

0

5

001

jj

éù

êú

êú

êú

-

êú

ëû


	
[image: image79.wmf]100

011

1

000

5

011

éù

êú

êú

êú

êú

-

ëû


	
[image: image80.wmf]100

011

1

000

5

0

jj

éù

êú

êú

êú

êú

-

ëû



	32-33
	
[image: image81.wmf]000

011

1

100

5

011

éù

êú

êú

êú

êú

-

ëû


	
[image: image82.wmf]000

011

1

100

5

0

jj

éù

êú

êú

êú

êú

-

ëû


	-
	-


Table 5 Additional entries for 4-layer UL transmission
	Index for additional entries
	Number of layers 
[image: image83.wmf]4

v

=



	0-3
	
[image: image84.wmf]1100

0011

1

1100

8

0011

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image85.wmf]1100

0011

1

00

8

00

jj

jj

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image86.wmf]1100

0011

1

1100

8

00

jj

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image87.wmf]1100

0011

1

00

8

0011

jj

éù

êú

êú

êú

-

êú

-

ëû



	4-7
	
[image: image88.wmf]1000

0011

1

0100

6

0011

éù

êú

êú

êú

êú

-

ëû


	
[image: image89.wmf]1000

0011

1

0100

6

00

jj

éù

êú

êú

êú

êú

-

ëû


	
[image: image90.wmf]1100

0010

1

1100

6

0001

éù

êú

êú

êú

-

êú

ëû


	
[image: image91.wmf]1100

0010

1

00

6

0001

jj

éù

êú

êú

êú

-

êú

ëû



	8
	
[image: image92.wmf]1000

0100

1

0010

2

0001

éù

êú

êú

êú

êú

ëû


	-
	-
	-


Proposal 3: Adopt the codewords in Table 2-5 as the additional entries of 4Tx codebook for CP-OFDM.
2.3 Uplink Codebook Subset Restriction

In the [90b-NR-11] email discussion on TPMI size, the following working assumption has been reached:

· For UL codebook based transmission with one SRS resource and a given number of SRS ports, NR supports overhead reduction for TPMI and TPMI related signaling. 
· Note: TPMI is indicated in uplink DCI

· Note: Joint or separate encoding of TPMI with TRI and/or SRI is a separate issue

· Other details are FFS

During the email discussion, the following alternatives for TPMI overhead reduction had been proposed:

· Alt 1: A  gNB can signal to a UE a codebook subset restriction  with a bitmap for an  uplink codebook through RRC signaling:
· Alt1.1 CBSR is based on RRC configuration
o    A bitmap is used to restrict precoders, where the length of the bitmap = number  of precoders in the codebook
·  Alt1.2: RRC signaling to select a subset of precoders based on UE coherence type (e.g.   3-bit signaling)

  The  TPMI-related signaling field in an uplink DCI is budgeted according to the number  of valid codebook entries/elements after  applying the codebook  subset restriction  to the uplink codebook.
· Alt 2: Wideband TPMI size is partly set by UE coherence capability signaling

· Alt 3: TRI restriction is used and affects the size of TPMI related signaling

Alt.1.1 is the most flexibility method for codebook subset restriction, as it includes every possible restriction subset. However, its overhead is large. For example, if the codebook proposed in Section 2.2 is adopt, 177 bits would be needed. For uplink transmission, TPMI is decided by gNB and indicated to UE. Codebook restriction for UL is to reduce the overhead of TPMI indication, its function of reducing the complexity of UE is limited. It is not necessary to use so many bits to indicate the codebook restriction information. 

For Alt 1.2, CBSR is limited to the coherent transmission relationship of antenna ports. At least for UEs with partial coherent or non-coherent transmission capability, it is necessary to indicate the coherent transmission relationship among antenna ports to UE. Note that the RRC signaling should be the relationship of antenna ports with the consideration of UE coherent type, not totally based on UE coherent type. For example, a UE supports 4 antenna ports, the capability of UE is partial coherent transmission. When the UE is configured with a SRS resource with 2 SRS ports, the coherent relationship of the two SRS ports should be indicated  to UE or defined in the specification. Otherwise, the hypothesis of the coherent relationship of SRS ports of gNB maybe inconsistent to the real antenna ports that used. This coherent transmission relationship can be carried in the form of RRC signaling for precoder subset selection. 

As described in Alt 3, TRI restriction also can be used to reduce the overhead of TPMI indication. Take the codebook of Rel-15 DL type I with L = 1 as an example, if maximum TRI is restricted to 1, the overhead for TPMI and TRI with joint encoding would be 5 bits, with 2 bits saved compared to the case without TRI restriction.
For Alt 2, the coherent relationship of antenna ports would not be indicated to UE, the relationship of SRS ports can be derived by UE coherence capability signaling. However, it won’t work for some cases. For example, a UE supports 4 antenna ports and the capability of the UE is partial coherent transmission. When the UE is configured with a SRS resource with 2 SRS ports, the coherent relationship of the two SRS ports can’t be derived by UE coherent capability signaling. One way to solve the problem is restricting the coherent transmission relationship of SRS ports in the specification. However, the flexibility of the configuration of SRS resources by gNB would be restricted. Another way to solve the problem is indicating the coherent relationship of SRS ports to UE when the SRS resource is configured. Then the Wideband TPMI size is set by the coherent relationship of SRS ports that indicated.
Proposal 4: At least RRC signaling for TRI restriction is adopted for codebook subset restriction.
Proposal 5: If Alt 2 is adopted, the coherent relationship of SRS ports is indicated to UE.
Proposal 6: The RRC signaling for TRI restriction can be a maximum TRI indication, for UL transmission the maximum transmission ports of 4, 2 bits can be used.
2.4 Signaling for TPMI/TRI/SRI indication
For a NR UE, multiple SRS resources can be configured, and one or multiple SRI can be indicated to UE. If only one SRS resources is configured to a UE, no SRI needed. There is no agreement on maximum number of SRS resources that can be configured for a UE. Therefore, the number of the combination of SRI and TPMI/TRI is still unclear. In order to reduce the complexity of the design of TPMI/TRI/SRI indication, we propose to encode SRI separately.
It is known that joint encoding of two parameters can reduce the total indication overhead compared to independent encoding the two parameters. Therefore, we propose the codewords for a given rank are jointly encoded, dual-stage TPMI is not considered for wideband precoding. Furthermore, TPMI and TRI are jointly encoded. If TRI is restricted, the overhead of jointly encoding TPMI and TRI would further reduce the overhead for TPMI and TRI indication.
Proposal 7: SRI is encoded separately. 

Proposal 8: TRI and TPMI are encoded jointly. Dual-stage TPMI indication is not considered for wideband TPMI indication.

2.5 Signaling for frequency selective precoding transmission
According to the agreements in RAN1#88bis, if UL frequency selective precoding is supported, there are two mechanisms for sub-band TPMI signaling:
· Alt 1:Sub-band TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission. 

· Alt 2:Sub-band TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission

It was agreed in Ran1 #90 meeting that total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI. The following methods can be considered to ensure the constant subband TPMI payload of Alt.1:

· Method 1: Adjusting TPMI payload per subband according to the number of subbands for a given PUSCH transmission.

With this method, when number of allocated subbands is large, the corresponding TPMI bits per subband are small and vice versa. For example, assume that the total DCI bits for subband TPMI indication is 12 bits. When the number of allocated subbands is 4, the corresponding TPMI bits per subband shall be 3; when the number of allocated subbands is 3 the corresponding TPMI bits per subband shall be 4. Although this method can ensure the constant subband TPMI payload, it may not be feasible for the scenarios with large number of subbands. For example, if the number of subbands is larger than the available DCI payload for subband TPMIs indication, subband TPMIs for all subbands cannot be indicated.

· Method 2: Adjusting the subband size according to resource allocation for a given PUSCH transmission.

With this method, the payload of per subband TPMI is fixed, the subband size is adapted to the resource allocation. As the total DCI payload for subband TPMIs is constant, and the TPMI payload per subband is also constant, the number of subbands that can be supported is fixed. The problem of this method is that when subband size becomes very large then the potential subband precoding gain is lost.   

With Alt 2, subband TPMIs are signaled via DCI to UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission. If the subband TPMIs are included in a DCI, the payload could be large. Therefore, it is more likely to have two DCIs. The 1st DCI is for subband TPMIs for all PRBs in UL, and the 2nd DCI is for the actual UL grant. The 1st DCI can be transmitted less frequently than 2nd DCI so that DCI overhead can be saved. Although the 1st DCI can be transmitted separately from the 2nd DCI, if the number of subbands is large, the payload will be extremely large. Besides, delay of precoder indication may negatively impact performance of subband precoding.

Proposal 9: For UL frequency selective precoding, subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission.

3 Conclusions

In this contribution we discussed the remaining issues for codebook based UL transmission, including the codebook selection, additional entries for the codebook, the codebook subset restriction, signaling for TPMI/TRI/SRI, and signaling for TPMI indication for frequency selective precoding. We propose that:

Proposal 1: Reuse the power control mechanism for UL MIMO in LTE: scaling the transmit power by the ratio of the number of antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports.
Proposal 2: Adopt Rel-15 DL type I codebook with L =1 as the  4Tx codebook for CP-OFDM.
Proposal 3: Adopt the codewords in the following Tables as the additional entries of 4Tx codebook for CP-OFDM.
Table 2 Additional entries for 1-layer UL transmission
	Index for additional entries
	Number of layers 
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Table 3 Additional entries for 2-layer UL transmission
	Index for additional entries
	Number of layers 
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Table 4 Additional entries for 3-layer UL transmission
	Index for additional entries
	Number of layers 
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Table 5 Additional entries for 4-layer UL transmission
	Index for additional entries
	Number of layers 
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Proposal 4: At least RRC signaling for TRI restriction is adopted for codebook subset restriction.

Proposal 5: If Alt 2 is adopted, the coherent relationship of SRS ports is indicated to UE.
Proposal 6: The RRC signaling for TRI restriction can be a maximum TRI indication, for UL transmission the maximum transmission ports of 4, 2 bits can be used.

Proposal 7: SRI is encoded separately. 

Proposal 8: TRI and TPMI are encoded jointly. Dual-stage TPMI indication is not considered for wideband TPMI indication.

Proposal 9: For UL frequency selective precoding, subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission.

4 References

[1] RAN1#89 Chairman’s Notes.
[2] RAN1#90 Chairman’s Notes.
[3] RAN1 NR Adhoc #3 Chairman’s Notes.
[4] RAN1 #90bis Chairman’s Notes.
5 Appendix
The simulation parameters for Section 2.2 are provided in Table 6. 
Table 6  Simulation Parameters for Section 2.2
	Parameters
	Values

	Carrier Frequency
	4GHz

	System Bandwidth
	20MHz

	PUSCH Bandwidth
	20 RBs

	Channel Model
	CDL_A

	gNB Antenna
	16Rx

	UE Antenna 
	4Tx

	Velocity
	3 km/h

	AMC
	on

	Channel Estimation
	Ideal

	Receiver
	MMSE
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