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Introduction
In RAN1#90b, the following agreements were made [1]: 
	Agreement:
· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
[image: ]
· Send an LS to RAN4 to inform that RAN1 has agreed to support the above UL codebook (codebook indices 16~27) for 4TX UEs and request feedback from RAN4 (ex: MPR) on feasibility – Peter (will comeback on Thursday): Approved in R1-1719044
Agreement:
· For 4 Tx with wideband TPMI, use at least single stage DCI
FFS for 2 stage DCI
· 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
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
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



The remaining issues are to be discussed:  
1. TPMI size reduction
2. SRS resource configuration for codebook based transmission
3. Transmission scheme switching between codebook based and non-codebook based
4. 4Tx codebook for CP-OFDM
5. Control signaling in DCI for codebook based transmission


Issues with potential RRC impact
2.1 TPMI size reduction
The following alternatives can be used for TPMI size reduction
· Alt-1: more than 3-bit RRC signalling to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission
· Alt-2: 3-bit RRC signalling to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission
· Alt-3: TPMI size is based on UE capability of coherent transmission
· TRI restriction for TPMI size reduction

Company view are collected in the following table:
	Companies
	Support
	Object
	Comments

	Intel
	Alt-2
	Alt-1
	Alt-2 can provide flexibility and Alt-3 would result in large overhead

	DOCOMO
	Alt-2 or 3
	Alt-1
	I have a question. Why are 3bits needed? If there are 3 states, i.e., full/patial/non coherence, 2 bits are enough, aren’t they?

	Samsung
	Alt-2
	Alt-3
	3-bit RRC signaling can achieve large (e.g. up to 3 bits) TPMI size reduction in DCI, where 3 bits correspond to 3 coherence types (full, partial, non-coherence)

	ZTE, Sanechips
	Alt-1
	Alt-3
	Alt-1 provides flexibility for various use cases of CBSR. Several use cases cannot be supported by Alt 3, e.g., UL interference management, total Tx power restriction and so on. Further, Alt 3 limits gNB’s configuration of SRS resources. For example, if UE reports capability of full/partial/non-coherence transmission of 4 ports, and Alt 3 is adopted, gNB cannot configure a 2-port SRS resource considering e.g., DCI overhead. But Alt 1 can support this 2-port configuration.

	Huawei, HiSilicon
	Alt-2
	Alt-3
	Alt-2 provides more flexibility than Alt-3.

	OPPO
	Alt.2
	Alt.1
	We have the a similar question as DOCOMO: Can a UE simultaneously have capability of two types of coherence?

	vivo
	Alt.3
	
	TPMI size reduction based on UE capability is enough for TPMI overhead reduction.

	LGE
	Alt-3
	
	UE capability reporting for coherent transmission is already agreed and the UL codebook can be decided accordingly. 

	CATT
	Alt.4 combined with Alt. 2 or Alt. 3
	Alt.1
	RI restriction in DL is already supported, TRI restriction in UL is also an useful tool

	Lenovo, Motorola
	Alt-3
	Alt-1
	TPMI overhead reduction based on UE capability reporting is enough.

	Ericisson
	Alt-3*
(See #3)
	Alt-1,2*
(See #3)
	1. Can we elaborate Alt-3 to ensure we are on the same page?  Our understanding of Alt.3 is that ‘UE capability of coherent transmission’ is the agreed states of ‘full coherent’, ‘partially coherent’, and ‘non-coherent’.  This indicates the minimum capability of the UE: a UE capable of fully coherent transmission can transmit precoders requiring full coherence, partial coherence, and non-coherent transmission.  A UE with partial coherence capability can’t transmit fully coherent precoders, but can transmit precoders requiring partially coherence or no coherence.  Finally, a UE with non-coherent capability can only use non-coherent precoders.
2. Given comment 1. then we also do not understand Alt-2: there are only 3 states of coherence, not 8.
3. This issue should be decided *after* the codebook structure is established, since the overhead can’t be determined without it.  We expect that TPMI/RI with full, partial, and non-coherent capability can be indicated with 6, 5, and 4 bits respectively for up to rank 4, so a more fine granularity does not seem to provide real benefit, at least for this design.
4. Use cases for Alt-1 are unclear at present.  gNB can select any TPMIs it wishes to use.  So benefits of UL interference and power saving with selection vectors are available so long as TPMI can indicate the needed matrices.  If specific interference techniques requiring new TPMI transmission behaviors are to be supported, their performance benefit should be quantified as well as the overhead required.

	InterDigital
	Alt 2 
	Alt. 1
	We could also support Alt 3., if the coherence state of the UE is taken into account. As such, instead of having an RRC-configured bit map of 3, the bit map would be of a length 2.

	Qualcomm
	Alt-3
	Alt-1 or 2
	The main use case for TPMI size reduction is to signal a smaller TPMI codebook for UEs capable of non-/partial-coherent transmission.  Introducing additional RRC signaling is not well justified.

	MTK
	Alt. 1
	
	

	Nokia, NSB
	Alt 3
	Alt 1
	Reduction of TPMI size shall be related with UE capability. Extra cost of RRC signaling provides some flexibility; but such flexibility won’t buy much.



Observation 1: for TPMI size reduction, companies view are summarized as follows:
· Alt1 has 2 supporting company and 8 objecting companies.
· Alt2 has 6 supporting companies and 2 objecting companies.
· Alt3 has 6 supporting companies and 3 objecting companies.

Proposal 1: 
· For uplink codebook subset restriction, support 3-bit bitmap RRC signalling to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission (Alt2).
· For a UE reporting its capability of partial coherent transmission, it shall not expect the gNB to configure the coherent transmission.
· For a UE reporting its capability of non-coherent transmission, it shall not expect the gNB to configure the coherent or partial coherent transmission.
· If the RRC signaling is not configured, the TPMI size is determined by UE capability (Alt3)
· For a UE with capability of coherent transmission, the TPMI size should take the coherent, partial coherent and non-coherent codebook into account.
· For a UE with capability of partial coherent transmission, the TPMI size should take partial coherent and non-coherent codebook into account.
· For a UE with capability of partial coherent transmission, the TPMI size should only take non-coherent codebook into account.

2.2 SRS resource configuration for codebook based transmission 
There are two issues for this topic: one is whether or not to support multiple SRS resources for codebook based transmission; the other is whether the SRS resources for codebook based transmission, non-codebook based transmission and beam management can be configured in the same SRS resource set. 
There are the following alternatives for the issue whether or not to support multiple SRS resources for codebook based transmission:
· Alt-1: Support multiple SRS resources for codebook based transmission
· Alt-2: Do not support multiple SRS resources for codebook based transmission in phase 1.

Company view are collected in the following table:
	Companies
	Support
	Object
	Comments

	Intel
	Alt-2
	
	Using 1 SRS resource and current codebook can support the same function

	DOCOMO
	Alt-2
	
	No SRS resource case should be included in Alt-2. Suggest to change the alternatives as followed:
· Alt-1: Support multiple SRS resources for codebook based transmission, i.e., N(>1), single, or no SRS resource is configured.
· Alt-2: Do not support multiple SRS resources for codebook based transmission in phase 1, i.e., only single or no SRS resource is configured.
Note: when single or no SRS resource is configured, SRI is skipped in DCI.

	Samsung
	Alt-2
	Alt-1
	CB based UL Tx using multiple SRS resources requires more study

	ZTE, Sanechips
	Alt-1
	Alt-2
	Using multiple SRS resources to perform non-coherent inter-SRS resource transmission is needed especially for higher frequency. For those ports which cannot perform coherent transmission, their analog beams can be very different if they are located in different UE panels. In the SRS beam indication discussion, it’s only agreed that the beam of an SRS resource can be associated with other UL or DL signals, i.e., a resource-level beam indication. If Alt-1 is not supported, for those non-coherent SRS ports, we need to introduce port-level beam indication other than the agreed resource-level indication. These would cause much more study and specification effort than supporting Alt-1.
Therefore we support Alt-1 with the following proposal.
· Non-coherent inter-SRS resource transmission: 
· One TPMI/TRI per SRS resource is signaled 

	Huawei, HiSilicon
	Alt-1
	Alt-2
	Multiple SRS resource with:
1. Only one TPMI/TRI, or
2. One TPMI/TRI per SRS resource. Each set of TPMI/TRI is signaled in separate DCI

	OPPO
	Alt-2
	Alt-1
	There are many issues needs to be solved to support Alt-1.
· The DCI overhead will be significantly increased by multiple RI/PMI/SRI indication
· New definition of TPMI needs to be introduced for coherent transmission. 
· Grouping of SRS resources should be supported, which needs further discussion.
· Since the transmit power is associated with beam indication (e.g. SRI) for PUSCH, if PUSCH/data layers with different beams (SRIs) can be transmitted simultaneously, new power control mechanism to support panel/layer specific power control needs to be carefully studied. 
The scenario of multiple panels has been deprioritized in RAN plenary. We can’t agree on a transmission scheme without full details (e.g. corresponding power control). Coherent or non-coherent inter-SRS resource transmission should not be discussed before December 2017 in phase 1.


	vivo
	Alt-2
	
	With current agreement on support of various transmission with different coherence level in one SRS resource, there is no need to trigger uplink transmission with more than one SRS resource.  

	LGE
	Alt-1
	
	Since the case of multiple SRS resources had been agreed, we are okay with ZTE proposal with following updates:
· Non-coherent inter-SRS resource transmission: 
· One TPMI per SRS resource is signaled, where one TRI or separate TRI per SRS resource is FFS.
· If one TRI is agreed, it can be embedded in DMRS table.


	CATT
	Alt-2
	Alt-1
	The scenario of multiple panels has been de-prioritized, and should be discussed in the later phase. For single panel, the two schemes can achieve same function, while Alt-2 requires equal or less overhead compared to Alt-1. 

	Lenovo, Motorola
	Alt-2
	Alt-1
	For single panel configuration, Alt-2 is sufficient for the same purpose with less overhead compared to Alt-1.

	Ericsson
	
	
	We support Huawei’s first proposal, and ZTE’s proposal; interpretation of these is below.  Our expectation that this should not be difficult to specify.  However, these can be treated with a lesser priority than single SRS resource operation, and if needed can be deferred past December.
· Coherent inter-SRS resource transmission: 
· One 2 or 4 port TPMI/TRI is signaled 
· Non-coherent inter-SRS resource transmission: 
· One TPMI/TRI per SRS resource is signaled

	InterDigital
	Alt. 2
	Alt. 1
	Should be discussed later when discussing multi-panel.

	Qualcomm
	Alt-2
	Atl-1
	The main use case for Alt-1 is to support coherent transmission across ports within the same resource, but non-coherent transmission across different resource.  This can be achieved by a single SRS resource with (partial) non-coherent TPMIs.

	MTK
	Alt. 1
	
	Mapping from SRS resources to ports for a given codebook can be helpful.

	Nokia, NSB
	Alt 2
	
	Like to see single TPMI in UL grant (DCI).




There are the following alternatives for the issue whether the SRS resources for codebook based transmission, non-codebook based transmission and beam management can be configured in the same SRS resource set.
· Alt-1: SRS resources for codebook based transmission, non-codebook based transmission and beam management are configured in different SRS resource sets
· Alt-2: SRS resources for codebook based transmission and non-codebook based transmission can be configured in the same resource set
· Alt-3: SRS resources for codebook based transmission and beam management can be configured in the same resource set
· Alt-4: SRS resources for beam management and non-codebook based transmission can be configured in the same resource set
· Alt-5: SRS resources for codebook based transmission, non-codebook based transmission and beam management are configured in the same SRS resource set

Company view are collected in the following table:
	Companies
	Support
	Object
	Comments

	Intel
	Alt-1
	Alt-2 to Alt-5
	It is better to configure the SRS resources for different function in different resource sets to save the overhead of SRI indication, and it is easier to define the power control parameters per SRS resource set

	DOCOMO
	Alt-1
	
	In codebook SRI is used for panel selection, while in non-codebook it’s used for precoder selection. Hence functions are different. Regarding beam management, if beam is different from precoder, e.g., analog beam is used for beam management while digital beam is used for non-codebook, SRS resource configuration would be different between beam management and non-codebook.

	Samsung
	Alt-1,

Alt 3 and 4 are ok too.
	Alt-2 and 5
	Alt-2 and Alt-5 seem not valid case because we do not configure both CB-based and non-CB-based transmission to one same UE at the same time. 

Alt-3 and Alt-4 is ok too. The SRS set configured for CB-based or non-CB based can also be used by gNB to select UE Tx beams. 

	ZTE, Sanechips
	Alt-3 and Alt-4
	
	I’m not sure whether we need to configure SRS resources for codebook based UL and non-codebook based UL simultaneously. If codebook based UL and non-codebook based UL are switched by RRC configuration, SRS resources can be reconfigured for the switch of these two schemes. Then it seems we don’t need to discuss whether resources for codebook based UL and non-codebook based UL can be configured in the same resource set or not.
Tx beams for SRS resources of codebook/non-codebook based UL can be indicated from SRS resources for BM by spatial parameter association. It would be desirable to configure resources for BM and resources for codebook or non-codebook based UL in the same SRS resource set.

	Huawei, HiSilicon
	Alt 1, 
Alt-3 and Alt-4 are ok
	
	The SRS set configured for codebook based or non-codebook based UL MIMO can also be used for beam management.

	OPPO
	Alt-1
	Alt-2, Alt-4 and Alt-5
	Agree with ZTE that we don’t need to configure SRS resources for codebook based UL and non-codebook based UL simultaneously. Also, for non-codebook based transmission, SRS resource set for beam management is also not needed, so we don’t need to configure SRS resources for beam management and non-codebook based UL simultaneously either. The only possible case is simultaneous configuration of SRS resources for codebook based transmission and beam management. Since the transmit power of the former use case is associated with PUSCH while the latter use case not, separate SRS resource set is needed. 

	vivo
	Alt-1
	
	We envision different configuration at least for beam management and CSI acquisition at resource set level. Different sets are needed to differentiate these different configurations.

	LGE
	Alt 1
	
	It should be separately configured for different functionality, e.g., for CB-based UL multi-ports SRS resources are possible, but for non-CB-based UL only one-port SRS resources can be configured, and so on. 

	CATT
	Alt-1
	
	The SRS configuration would be different for beam management and for codebook based transmission or non-codebook based transmission due to different use cases; periodicity and granularity of SRS resources for beam management and for codebook based transmission or non-codebook based transmission requirements maybe different. So separate SRS resource configuration is beneficial.

	Lenovo, Motorola
	Alt-1
	
	Different configurations should be setup for beam management and for codebook based transmission or non-codebook based transmission due to different purpose. Only one-port SRS resources can be configured for non-codebook based transmission.

	Ericsson
	Alt-1*, Alt-3 & Alt-4
	
	I assume the SRS resources are configured per cell / bandwidth part.  Separate resources should be used for beam management and either codebook based or non-codebook based transmission, as these functions often require different SRS resource configurations.  However, it is up to gNB implementation if the resources can be the same, and so Alt-3 & Alt-4 are also OK.  We also don’t see the use case for configuring a UE with codebook based and non-codebook in a cell. So our interpretation of Alt-1 is that separate resources are used, but codebook based and non-codebook based are not simultaneously configured.

	InterDigital
	Alt-1, Alt-2
	Alt-5
	We find Alternative 5 too restrictive.

	Qualcomm
	Atl-1
	Alt-2, Alt-4, Alt-5
	For non-codebook based transmission, SRI(s) are indicated to selected single-port SRS resource(s).  For codebook based transmission, a single SRS resource with more than one port is preferred.  So, at least the SRS resources for codebook- and non-codebook based transmission shall be separately configured.

	MTK
	Alt-1
	
	 


	Nokia, NSB
	Alt 1*
	
	Support of SRS sets for codebook based, non-codebook based, and uplink beam management shall be justified first before the agreement for these alternatives.



Observation 2: for multi-SRS resources configuration, companies view are summarized as follows:
· Alt1 has 3 supporting companies and 6 objecting companies.
· Alt2 has 9 supporting companies and 2 objecting companies.

Observation 3: for SRS resources set configuration for codebook based transmission, companies view are summarized as follows:
· Alt1 has 12 supporting companies and 0 objecting companies.
· Alt2 has 1 supporting companies and 4 objecting companies.
· Alt3 has 4 supporting companies and 2 objecting companies.
· Alt4 has 4 supporting companies and 4 objecting companies.
· Alt5 has 0 supporting companies and 5 objecting companies.

Proposal 2: 
· For SRS configuration for codebook based transmission, support SRS resources for codebook based transmission, non-codebook based transmission and beam management are configured in different SRS resource sets (Alt1).
· For codebook based transmission scheme, up to 1 SRS resource for CSI acquisition is configured for a UE (Alt2). 
· Study multiple SRS resources in phase 2

2.3 Transmission scheme switching
The following alternatives can be used for transmission scheme switching between codebook based and non-codebook based transmission:
· Alt-1: by RRC signalling on uplink transmission scheme
· Alt-2: by RRC signalling on identifying the target SRS resource set(s) for SRI indication
· Alt-3: by SRI indication in DCI

Company view are collected in the following table:
	Companies
	Support
	Object
	Comments

	Intel
	Alt-2
	
	In Alt-2, the SRS with >1 APs can be configured in one SRS resource set, and SRS with 1 AP can be configured in another SRS resource set. By indicating the resource set, the transmission scheme can be implicitly identified.

	DOCOMO
	Alt-1
	
	

	Samsung
	Alt-1
	
	Since CB-based and non-CB –based require different designs on SRI and PMI (presence or absence), semi-static configuration is desirableto avoid unnecessary UL-related DCI payload increase. 

	ZTE, Sanechips
	Alt-1
	
	

	Huawei, HiSilicon
	Alt-2
	
	What is the difference between Alt-2 and Alt-3?

	OPPO
	Alt-2
	
	Once the SRS resource set is configured, CB/NCB-based can be determined accordingly. Additional configuration for transmission scheme may lead to some collision case. For example, we can’t configure multiple single port SRS resources for CB based transmission for SRI indication, or configure multiple multi-port SRS resources for NCB based transmission.

	vivo
	Revision of Alt 2
	
	By RRC signalling on configuration of resources of the SRS resource set(s) for SRI indication:
1. If number of ports of configured SRS resource is equal to number of max UL transmission layers, the corresponding transmission codebook based transmission;
2. If only one port SRS resource is configured, the corresponding transmission is non-codebook based transmission,;

	LGE
	Alt-1
	
	RRC signaling is sufficient for the selection of CB-based and non-CB based UL transmission.

	CATT
	Alt-1
	
	

	Lenovo, Motorola
	Alt-1
	
	

	Ericsson
	Alt-1
	
	As commented above, DCI overhead is an issue for dynamic switching.  Also, it’s not clear what the use case is for configuring a UE with both codebook based and non-codebook based operation.

	InterDigital
	Alt-1
	
	Do not see how SRI would provide a sufficient base for switching.

	Qualcomm
	Alt-1
	Alt-2, 3
	The support of non-codebook based transmission is a UE capability. The non-codebook based transmission would be useful only when the reciprocity is available.  To enable this, UE needs to perform TX/RX calibration periodically.  It’s unclear why dynamic switching b/w these two schemes can bring system benefit.

	MTK
	Alt. 1
	
	

	Nokia, NSB
	Alt 1
	Alt 2, 3
	It is unnecessary to use DCI for this switching.



Observation 4: for transmission scheme switching, companies view are summarized as follows:
· Alt1 has 10 supporting companies and 0 objecting companies.
· Alt2 has 4 supporting companies and 1 objecting companies.
· Alt3 has 0 supporting companies and 1 objecting companies.

Proposal 3:
· For a UE with the capability of non-codebook based transmission scheme, support to use RRC signaling to indicate the uplink transmission scheme explicitly (Alt1). 

Issues without RRC impact
3.1 4Tx codebook for CP-OFDM
There are two issues for this part: one is how to define the codewords for antenna selection; the other is how to define the codewords for antenna combining.
For antenna selection, there are the following alternatives:
· Alt-1: Use the same antenna selection codewords defined in LTE Rel-10
· Alt-2: Use the same antenna selection codewords defined in LTE Rel-10 for 2-port antenna selection, and define 1-port antenna selection for rank 1 case additionally.

Company view are collected in the following table:
	Companies
	Support
	Object
	Comments

	Intel
	Alt-2
	Alt-1
	Alt-1 cannot support UE with the capability of non-coherent transmission for rank1.

	Samsung
	Alt-2
	Alt-1
	Non-coherent precoders should be supported

	ZTE, Sanechips
	Alt-2
	
	Add 1/2*[1 0 0 0]T ,1/2*[0 1 0 0]T ,1/2*[0 0 1 0]T ,1/2*[0 0 0 1]T.

	Huawei, HiSilicon
	Alt-2
	
	If non-coherent transmission is supported in the scope of codebook based transmission, additional entries are needed. 
For partial-coherence, port combination is only supported on port group {1,3} or {2,4}.

	OPPO
	Alt-2
	
	

	vivo 
	Alt-2+3 port antenna selection
	
	We also envision 3 port antenna selection for non-coherent capability.

	LGE
	Alt-2
	
	Same as rank 1 codebook for DFT-s-OFDM. 

	CATT
	Alt-2
	
	For partial-coherence, only support one of the following ports coherent relationships:


, .
For partial-coherent, 2-port antenna selection for all ranks also defined.
3-port selection is also needed.

	Lenovo, Motorola
	Alt-2
	
	Add precoders for non-coherent transmission and partial-coherent on different coherent port groups.

	Ericsson
	Alt-2
	
	

	Qualcomm
	Alt-2
	
	Single port selection codewords are needed.

	Nokia, NSB
	
	
	Need to agree on the codebook first.



For antenna combining, there are the following alternatives:
· Alt-1: Use the same antenna combining codewords defined in LTE Rel-10
· Alt-2: Use LTE Rel-8 DL codebook
· Alt-3: Use NR DL codebook type 1 for single panel
· Alt-4: Alt-1 + Alt-2
· Alt-5: Alt-1 + Alt-3
· Alt-6: Alt-1 + Alt-2 + Alt-3
· Alt-7: Alt-1 + additional pre-coders for rank > 1 constructed using rank-1 precoders
· Alt-8: Alt-1 + additional pre-coders for rank > 1 constructed using non-zero-entry precoders

Company view are collected in the following table:
	Companies
	Support
	Object
	Comments

	Intel
	Alt-6
	Alt-1
	Alt-1 is more suitable for DFT-s-OFDM, for CP-OFDM. Alt-2 and Alt-3 can achieve better performance, which type of codebook to be used can be determined by UE capability such as whether UE antenna is correlated or not. Without such capability, Alt-4 should be supported.

	DOCOMO
	Alt-2
	
	Performance enhancement considering antenna correlation can be achieved by non-codebook.

	Samsung
	Alt-5 or 7
	Alt-2,4,6
	Rel. 8 DL codebook doesn’t outperform LTE UL or/and NR DL codebook for CP-OFDM and WB TMI

	ZTE, Sanechips
	Alt-8
	
	Codebook based on LTE Rel-10 UL seems sufficient. But we need to have additional non-zero-entry codewords for multi-layer cases to support full coherent transmission. 

	Huawei, HiSilicon
	Alt-7
	
	For Rank1, LTE Rel-10 codebook is sufficient. For rank>1, orthogonal basis obtained from MUB achieve better distance property than Rel.8 DL codebook. On the other hand, for rank=4, considering entries that may result in zero minimal distance are removed, only identity matrix is needed.

	OPPO
	Alt-2
	Alt-3,5,6
	We don’t think dual stage codebook is needed for UL considering the antenna configuration at UE. Rel-8 DL codebook is sufficient for full-coherence case.

	vivo
	Based on Alt-2 and combination within coherent port pairs
	
	Our proposed way of codebook construction:
· First select ports for transmission
· For the selected ports, support combination within coherent port pairs;
· For partial coherence, specify {1,3} and {2, 4} are coherent port pair.
· For full coherence, support Householder combination;
· The codebook size for each UE is reduced through its coherence capability

	LGE
	Alt-5 or 7
	
	To enhance full coherence transmission for rank >1, 4-port combining codebook from NR DL codebook can be added. 

	CATT
	Alt -3
	
	In #90bis there are 3 alternatives with possible additional entries. In our view, it is not helpful increasing number of options as we have only one meeting (basically 4 days) to agree on. Above table is for antenna selection, which we consider as additional entries for Rel-8, 15 DL codebook. For Rel-10 UL codebook, if we can have consensus on additional entries, that would be third option. 

	Lenovo, Motorola
	Alt-2
	
	Rel. 8 DL codebook is sufficient for full-coherent transmission with acceptable performance and reasonable overhead.

	Ericsson
	Alt-2 or Alt-3
	
	Rel-8 for 4 port combining matrices is our first preference; Rel-15 is our second preference.  However, we see little performance difference between the two.  
Partial coherence uses ports (1,3) and (2,4)

	Qualcomm
	Alt-2
	Alt-3,5,6
	Alt-3 doesn’t show significant performance benefit compared to Alt-2.  Normalized by the TPMI overhead, Alt-2 is preferred.

	MTK
	Alt. 6 or Alt .3
	
	

	Nokia, NSB
	Alt 2 and Alt 3
	
	Alt 2 for wideband; Alt 3 if subband precoding is configured



Pre-coder scaling factor: Let  be the total number of non-zero entries in the pre-coding matrix (total across ports and layers)
· Alt-1:  for rank 1,  for rank > 1 
· Alt-2:  
· Alt-3 the modulus for each row containing non-zero elements is 

	Companies
	Support
	Object
	Comments

	Samsung
	Alt-2
	
	Alt-2 is better in performance than Alt-1

	ZTE, Sanechips
	Alt-3
	
	

	Huawei, HiSilicon
	Alt-3
	
	Follow the same principle as LTE codebook

	vivo
	Alt-2
	
	In our understanding this scaling factor does not impact too much on actual transmission. The UE would have to follow the power control behavior and then divide the power between actually transmitted antenna ports. 

	LGE
	Alt-3
	
	Same as LTE. Also, antenna “turn-off” codebook is already supported in DFT-s-OFDM. For the commonality and reducing the UE antenna cost, we prefer Alt 1. 

	CATT
	Alt-3
	
	We have similar view as vivo. The scaling factor should not impact the actual transmission. UE should follow the power control behavior defined for UL MIMO.

	Lenovo, Motorola
	Alt-3
	
	Follow the same principle as LTE codebook.

	Ericsson
	----
	
	Agree the scaling factor does not really matter given power control. However, it is possible in some designs that the number of layers is not always the same on each antenna port in a given precoder.  This means that some PAs would split power across layers while others do not.  UE vendor’s views on this aspect in the context of CP-OFDM would be helpful.

	Nokia, NSB
	
	
	Unless there is enough technical justification, we shall continue to follow LTE’s approach.



Observation 5: for antenna selection of 4Tx codebook, companies view are summarized as follows:
· Alt1 has 0 supporting companies and 2 objecting companies.
· Alt2 has 11 supporting companies and 0 objecting companies.

Observation 6: for antenna combining of 4Tx codebook, companies view are summarized as follows:
· Alt1 has 0 supporting companies and 1 objecting companies.
· Alt2 has 6 supporting companies and 1 objecting companies.
· Alt3 has 2 supporting companies and 2 objecting companies.
· Alt4 has 0 supporting companies and 1 objecting companies.
· Alt5 has 2 supporting companies and 2 objecting companies.
· Alt6 has 1 supporting companies and 3 objecting companies.
· Alt7 has 3 supporting companies and 0 objecting companies.
· Alt8 has 1 supporting companies and 1 objecting companies.

Proposal 4: 
· For CP-OFDM, the following 4Tx codebook is supported:
· LTE DL Rel-8 codebook is used with some additional entries for antenna selection (Alt2 for antenna combining)
· For rank1, the additional entries are the 1-port and 2-port antenna selection with the same codewords defined in NR 4Tx codebook for DFT-s-OFDM (Alt 2 for antenna selection)
· For rank2, the additional entries are the 2-port antenna selection defined as , where the candidate value of x and y could be {1, j, -1, -j}
· For rank3 and rank4, no additional entries

3.2 Control signaling in DCI for codebook based transmission
There are some issues for this part: whether the TRI should be indicated and whether there can be some joint coding between SRI, TRI and TPMI.
There are the following options for this issue on joint coding of SRI, TRI and TPMI:
· Alt-1: SRI, TRI and TPMI are jointly coded
· Alt-2: TRI and TPMI are jointly coded
· Alt-3: SRI, TPMI, and TRI are coded independently

Company view are collected in the following table:
	Companies
	Support
	Object
	Comments

	Intel
	Alt-2
	Alt-3
	Alt-3 could result in large overhead; if Alt-3 in section 2.2 is supported or multiple SRS resources is supported, Alt-1 should be supported

	DOCOMO
	Alt-2 or 3
	Alt-1
	Number of SRS resources varies depending on UE capability. Hence, including SRI for the joint coding seems to be complicated.

	Samsung
	Alt-3
	Alt-1
	Jointly coding SRI, TRI, and TPMI introduces non-scalability in future releases. The benefit is unclear either. Alt2 is acceptable only if there is some measurable payload reduction. Otherwise. Alt2 is unnecessary. 

	ZTE, Sanechips
	Alt-1
	Alt-3
	As size of TPMI depends on TRI values, it’s quite clear that joint coding of TRI and TPMI can save DCI overhead. Also, as different SRS resource may have different number of ports if multiple SRS resources are configured, joint coding of SRI, TRI and TRI saves DCI overhead.

	Huawei, HiSilicon
	Alt-2 or 3
	Alt-1
	Whether to support Alt-2 depends on how much benefits can be achieved with the codebook yet to be specified.

	OPPO
	Alt-2
	Alt-1
	The size of SRI is independent from that of TRI/TPMI, so joint encoding of SRI and TRI/TPMI is not needed. 

	vivo
	Alt-2
	
	For codebook based transmission, SRI is not necessary for indication because one SRS resource for CSI acquisition would be enough for codebook based transmission. 

	LGE
	Alt-3
	Alt-1
	The functionality of SRI can be different according to transmission scheme. Also, each SRS resource can have different number of SRS ports, and therefore the combination of SRI, TRI and TPMI may be very diverging. In this sense, at least SRI can be separately coded (Alt.2 can also be acceptable as a second preference). Since TRI can be indicated by DMRS field, joint coding for TRI and TPMI may be redundant feature. In addition, for the forward compatibility, separate coding of SRI, TRI(embedded in DMRS field) and TPMI would be beneficial. 

	CATT
	Alt-3
	
	TRI is implicitly indicated by DMRS index, so no indication is needed. Multiple SRS configuration is possible, too many possibilities of joint combination of SRI/TPMI. In order to reduce the DCI overhead for some cases, it is better to encode SRI separately.

	Lenovo, Motorola
	Alt-2
	
	One SRS resource with 2 or 4 SRS ports is enough for UL codebook based transmission, so SRI is not necessary.

	Ericson
	Alt-1 or Alt 2*.
	Alt-3
	The joint encoding should be according to the operation mode.  If SRS resource selection is used with codebook based operation is supported, jointly encoding SRI with TPMI will reduce overhead (please see R1-1720716 or R1-1720717 for details).  However, if such a mode of operation is not supported, it is beneficial to at least jointly encode TPMI and RI, as discussed in R1-1720731.

	InterDigital
	Alt-3
	
	Independent coding is more flexible, and also this question is also related the decision to the TPMI size.

	Qualcomm
	Alt-3
	
	A UE may be configured with multiple SRS resources and the TPMI size can be reduced depending on e.g., UE capability of support coherent transmission.  Although joint encoding can reduce the DCI overhead, the joint encoding table can be quite complicated.

	Nokia, NSB
	Alt 3
	
	



There are the following options for this issue on TRI and DMRS antenna ports indication:
· Alt-1: TRI and DMRS antenna ports are indicated independently
· Alt-2: TRI and DMRS antenna ports are jointly coded, so that TRI is not indicated
· Alt-3: TRI is implicitly indicated by DMRS index

Company view are collected in the following table:
	Companies
	Support
	Object
	Comments

	Intel
	Alt-1
	
	By Alt-1, the DMRS antenna ports indication only needs to indicate the starting port index, then the table for DMRS antenna port mapping can be simplified.

	Samsung
	Alt-2
	 
	Jointly coding TRI and DMRS can reduce payload and introduce effectiveness. 

	ZTE, Sanechips
	Alt-2
	
	We think SRI, TRI, TPMI and DMRS port index indication should be jointly indicated together to save DCI overhead. Hence Alt 2 should be refined as
Alt-2: TRI and DMRS antenna ports are jointly coded, so that TRI is not indicated
Further, what Intel proposes above seems still to be some kind of joint coding, as some of the DMRS port information is indicated from TRI. 

	vivo
	Alt-1
	
	The same DMRS table should be used for codebook based transmission and non-codebook based transmission. But TRI is not necessary for non-codebook based transmission. Thus we prefer independent indication of TRI and DMRS.

	LGE
	Alt-2
	
	Indicating TRI by DMRS table can save the payload. 

	CATT
	Alt-3
	
	TRI indication is not needed. DMRS port index table includes number of scheduled layers.

	Lenovo, Motorola
	Alt-1
	
	TRI is not needed for non-codebook based transmission, while same DMRS table is used for codebook based and non-codebook based transmission.

	Qualcomm
	Alt-2
	
	If DMRS ports are indicated, the TRI can be omitted.
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Observation 5: for SRI, TPMI and TRI indication, companies view are summarized as follows:
· Alt1 has 2 supporting companies and 5 objecting companies.
· Alt2 has 8 supporting companies and 0 objecting companies.
· Alt3 has 7 supporting companies and 3 objecting companies.

Observation 6: for DMRS antenna ports and TRI indication, companies view are summarized as follows:
· Alt1 has 3 supporting companies and 0 objecting companies.
· Alt2 has 3 supporting companies and 0 objecting companies.
· Alt3 has 1 supporting companies and 0 objecting companies.

Proposal 5:
· For the indication of SRI, TPMI and TRI, support the joint coding of TPMI and TRI (Alt 2 in observation 5)
· The presence of TRI is determined by conclusion of DMRS antenna ports session: if all DMRS antenna ports are indicated, the TRI is implicitly derived from the number of DMRS antenna ports
· FFS: joint SRI, TPMI and TRI indication when multiple SRS resources are supported


Proposal
For TPMI size reduction, the following observations and proposals are obtained:
Observation 1: for TPMI size reduction, companies view are summarized as follows:
· Alt1 has 1 supporting company and 8 objecting companies.
· Alt2 has 6 supporting companies and 2 objecting companies.
· Alt3 has 6 supporting companies and 3 objecting companies.

Proposal 1: 
· For uplink codebook subset restriction, support 3-bit bitmap RRC signalling to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission (Alt2).
· For a UE reporting its capability of partial coherent transmission, it shall not expect the gNB to configure the coherent transmission.
· For a UE reporting its capability of non-coherent transmission, it shall not expect the gNB to configure the coherent or partial coherent transmission.
· If the RRC signaling is not configured, the TPMI size is determined by UE capability (Alt3)
· For a UE with capability of coherent transmission, the TPMI size should take the coherent, partial coherent and non-coherent codebook into account.
· For a UE with capability of partial coherent transmission, the TPMI size should take partial coherent and non-coherent codebook into account.
· For a UE with capability of partial coherent transmission, the TPMI size should only take non-coherent codebook into account.

For SRS resource configuration, the following observations and proposals are obtained:

Observation 2: for multi-SRS resources configuration, companies view are summarized as follows:
· Alt1 has 3 supporting companies and 6 objecting companies.
· Alt2 has 9 supporting companies and 2 objecting companies.

Observation 3: for SRS resources set configuration for codebook based transmission, companies view are summarized as follows:
· Alt1 has 12 supporting companies and 0 objecting companies.
· Alt2 has 1 supporting companies and 4 objecting companies.
· Alt3 has 4 supporting companies and 2 objecting companies.
· Alt4 has 4 supporting companies and 4 objecting companies.
· Alt5 has 0 supporting companies and 5 objecting companies.

Proposal 2: 
· For SRS configuration for codebook based transmission, support SRS resources for codebook based transmission, non-codebook based transmission and beam management are configured in different SRS resource sets (Alt1).
· For codebook based transmission scheme, up to 1 SRS resource for CSI acquisition is configured for a UE (Alt2). 
· Study multiple SRS resources in phase 2

For transmission scheme switching, the following observations and proposals are obtained:

Observation 4: for transmission scheme switching, companies view are summarized as follows:
· Alt1 has 9 supporting companies and 0 objecting companies.
· Alt2 has 4 supporting companies and 1 objecting companies.
· Alt3 has 0 supporting companies and 1 objecting companies.

Proposal 3:
· For a UE with the capability of non-codebook based transmission scheme, support to use RRC signaling to indicate the uplink transmission scheme explicitly (Alt1). 

For 4Tx codebook, the following observations and proposals are obtained:

Observation 5: for SRI, TPMI and TRI indication, companies view are summarized as follows:
· Alt1 has 2 supporting companies and 5 objecting companies.
· Alt2 has 8 supporting companies and 0 objecting companies.
· Alt3 has 7 supporting companies and 3 objecting companies.

Observation 6: for DMRS antenna ports and TRI indication, companies view are summarized as follows:
· Alt1 has 3 supporting companies and 0 objecting companies.
· Alt2 has 3 supporting companies and 0 objecting companies.
· Alt3 has 1 supporting companies and 0 objecting companies.

Proposal 4: 
· For CP-OFDM, the following 4Tx codebook is supported:
· LTE DL Rel-8 codebook is used with some additional entries for antenna selection (Alt2 for antenna combining)
· For rank1, the additional entries are the 1-port and 2-port antenna selection with the same codewords defined in NR 4Tx codebook for DFT-s-OFDM (Alt 2 for antenna selection)
· For rank2, the additional entries are the 2-port antenna selection defined as , where the candidate value of x and y could be {1, j, -1, -j}
· For rank3 and rank4, no additional entries

For control signalling in DCI, the following observations and proposals are obtained:

Observation 5: for SRI, TPMI and TRI indication, companies view are summarized as follows:
· Alt1 has 2 supporting companies and 5 objecting companies.
· Alt2 has 7 supporting companies and 0 objecting companies.
· Alt3 has 6 supporting companies and 3 objecting companies.

Observation 6: for DMRS antenna ports and TRI indication, companies view are summarized as follows:
· Alt1 has 3 supporting companies and 0 objecting companies.
· Alt2 has 3 supporting companies and 0 objecting companies.
· Alt3 has 1 supporting companies and 0 objecting companies.

Proposal 5:
· For the indication of SRI, TPMI and TRI, support the joint coding of TPMI and TRI (Alt 2 in observation 5)
· The presence of TRI is determined by conclusion of DMRS antenna ports session: if all DMRS antenna ports are indicated, the TRI is implicitly derived from the number of DMRS antenna ports
· FFS: joint SRI, TPMI and TRI indication when multiple SRS resources are supported
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