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1. Introduction
In previous 3GPP RAN1 meeting and the following email discussion, the following agreements are achieved for codebook and non-codebook based UL transmissions [1]:
Agreement:
· For non-codebook based UL transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field

Agreement:
· Confirm the following working assumption:

· For non-codebook based precoding, each SRS resource contains one port

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:
· At least for the case where single SRS resource is configured and for DFT-S-OFDM, support additional 4Tx rank 1 codebook below
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· 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

Agreement:
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
Agreement:
· 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
Agreement:
· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission

· The above does not preclude frequency selective precoding on SRS

Agreement:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI

· The DL measurement RS is a CSI-RS for CSI acquisition

· Specify the following mechanism for DCI signalling:

· Using the same field for AP-SRS resource triggering 

· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured

· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling

· The DL measurement RS is a CSI-RS for CSI acquisition

· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 

· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 

· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 

· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot

· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS

· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation
Agreements:

· When a UE is configured with multiple SRS resource sets, one of three behaviors below applies:

· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously 

· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets may or may not be transmitted simultaneously

· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

· Select in RAN1#91 which of the three behaviors is supported and strive to minimize the impact on SRS configuration framework

· FFS: whether or not specification in addition to UE capability is needed to support the selected behavior 
· The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and/or, for Alt 3), either 

· per subset, or

· the supported number of SRS resources that can be transmitted simultaneously per set
· Decide in RAN1#91 if this applies to either UL beam management or non-codebook based precoding, or to both UL beam management/non-codebook based precoding

In this contribution, the whole UL transmission is discussed first. Considering currently there are some unclear points for the whole UL transmission framework, we first analyze the corresponding transmission procedures and give some observations. For the codebook based transmission, we further discuss how under the whole framework the corresponding procedure works.
2. UL Transmission Procedures 
2.1. UE capability report
For UL beam management and UL transmission, the following capability reports have been agreed:

· Number of SRS resource sets

· Number of resources per set

· Max UL transmission layers

· Coherence capability

· Number of PTRS ports

Furthermore, it seems that some companies still want to report transmission layers per panel. We believe there are redundancies in above reports.
· Number of transmission layers per panel could be gained through max UL transmission layers over number of SRS resource sets;

· Coherence capability could be gained through max UL transmission layers and number of SRS resource sets:

· Typically, there would be only one PLL within one panel. Thus if number of SRS resource sets is equal to number of max UL transmission layers, then the coherence capability would be non-coherent; if there is only one SRS resource set, then it should be fully coherent; 
· Coherence capability could also be gained through max UL transmission layers and number of PTRS ports

· Number of PTRS ports is directly related to number of PLLs. Thus if number of PTRS ports is equal to max UL transmission layers, then it is non-coherent; If number of PTRS ports is 1, then it is fully coherent; If number of PTRS ports is smaller than max Tx layer but not equal to 1, then it is partially coherent; 

· Number of PTRS ports could be implicitly gained from coherence capability and max UL transmission layers 

· For max UL transmission layers of 2: 

· For full coherence capable UE, only 1 PTRS port;

· For non-coherent UE, 2 PTRS ports;

· For max UL transmission layers of 4:

· For full coherence capable UE, only 1 PTRS port;

· For non-coherent and partially coherent UE, 2 PTRS ports; 

Thus we have the following report for UE capability report.
Proposal 1: 

· Within the following two reports, only one of them is explicitly reported from UE to the network, with the other one implicitly derived: 

· Coherence capability report
· Number of PTRS ports
2.2. Configuration of SRS Resources and SRS Transmission
Based on the UE capability report, the network configures the UE to transmit the SRS resources. In our understanding, the resource set for UL beam management and UL CSI acquisition should be explicitly differentiated from each other. They are at least different from the following aspects:
· The SRS resources for beam management could be explicitly configured with power control parameters and some other beam sweeping behaviors; while the SRS resources for CSI acquisition does not need the beam sweeping behavior configuration and its power control is more probably tied to PUSCH;

· The SRS resources for beam management is associated with CSI-RS for beam management with number of ports smaller than 2 while the SRS resource for CSI acquisition is associated with CSI-RS for acquisition with number of ports possibly larger than 2.
Thus there are resource sets for beam management and resource sets for CSI acquisition.

Proposal 2: 

· SRS resource sets are configured with explicit indication of its usage for CSI acquisition or for beam management.  

For the SRS resources configured for beam management, Alt. 1 is supported, i.e. only one resource in each of multiple SRS sets can be transmitted at a given time instant.

For the SRS resources configured for CSI acquisition, esp. for non-codebook based transmission, Alt. 2 is supported, i.e. all resources within the set could be simultaneously transmitted. Such definition has the following advantage:

· A single CSI-RS for the calculation of SRS precoding could be configured per SRS set. Thus saves corresponding signaling overhead.
· The concept of SRS set for below 6GHz and above 6GHz could be easily unified in one framework; 

Proposal 3: 

· For the resources within the SRS resources set configured for beam management, only one resource in each of the multiple SRS sets can be transmitted at a given time instant;

· For the resources within the SRS resources set configured for CSI acquisition, all the resources could be transmitted simultaneously.

· CSI-RS for the calculation of SRS precoding is configured per SRS set.  

UE should also be aware of whether to perform precoding on the configured resources. Thus it should be aware of whether the resources is configured for codebook based transmission or non-codebook based transmission. For codebook based transmission, for the current design of codebooks, it is possible to pile up all the ports within one SRS resource. While for non-codebook based transmission, it is only possible to configure one port SRS resource.
Proposal 4: 

· For codebook based transmission, support only one resource per SRS resource set, with number of ports of the SRS equal to number of max UL transmission layers;
Because only one resource is configured for codebook based transmission, it should be possible to indicate beams per SRS port. Furthermore, there should be some limitations how many beam indication per resource. For example, when there is only one SRS resource, it is obvious we only need one beam for the SRS resource. Indicated number of beams could be the same as reported number of resource sets.
Proposal 5: 

· Support beam indication at port level for CSI-acquisition SRS resources with port number greater than 1. 

· Indicated number of beams is equal to number resource sets reported by the UE.
Since we have already supported the different coherence possibility within one SRS resource, thus we propose that it should be pre-defined which SRS ports should be coherent and which are not for codebook based transmission.
2.3. UL Transmission
UE could determine whether the current grant is for codebook based transmission or non-codebook based transmission through the SRI index. With the SRI index, UE would know how to interpret the corresponding UL grant field.
Proposal 5: 

· UEs are not implicitly indicated by SRI about whether the UL transmission is codebook based or non-codebook based. 
For codebook based transmission, TPMI indication should be limited within one SRS resource. Multiple SRI indication for UL transmission is not supported for R15. Such functionality could be well supported with currently defined codebooks and single SRI.
Proposal 6: 

· Codebook based transmission with multiple SRI in the UL grant is not supported in R-15.   
3. 4Tx CP-OFDM Codebook
4 Tx CP-OFDM codebook should have the following functionalities:
· Port selection

· Port combination

For port combination, it is mainly used for non-precoded SRS.  For port selection, it could be used for non-precoded SRS. Considering the fact there is no unified and structured antenna array for all the UEs in the mass market, we propose for port combination codebook, Rel-8 Householder codebook are reused for UL codebook based transmission for CP-OFDM. The codebook should be constructed through the following stages and consider different UE coherence capabilities:
· First select ports for coherent transmission
· Then within the selected ports, support Householder combination

· The codebook size for each UE is reduced through its coherence capability
Proposal 7: 

· UL 4Tx CP-OFDM codebook should be constructed through the following stages:

· First select ports for transmission

· For the selected ports, support Householder combination within coherent port pairs;

· The codebook size for each UE is reduced through its coherence capability

In the following, we list in Table 1 to Table 4 about our detailed proposal for the codebook based on above method.
Proposal 8: 

· For UE with full coherence capability

· Support Householder based codebook for UL 4Tx CP-OFDM transmission
· For UE with partial coherence and non-coherence capability

· Support the codebook in Table 1 to Table 4
Table 1 Codebook for transmission on antenna ports 
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Table 2 Codebook for transmission on antenna ports 
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	Codebook index
	Number of layers 
[image: image33.wmf]3

=

u



	0 – 3
	
[image: image34.wmf]110

001

1

110

2

001

éù

êú

êú

êú

-

êú

ëû


	
[image: image35.wmf]110

001

1

110

2

001

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image36.wmf]110

001

1

110

2

00

j

éù

êú

êú

êú

-

êú

ëû


	
[image: image37.wmf]110

001

1

110

2

00

j

éù

êú

êú

êú

-

êú

-

ëû



	4 – 7
	
[image: image38.wmf]110

001

1

0

2

001

jj

éù

êú

êú

êú

-

êú

ëû


	
[image: image39.wmf]110

001

1

0

2

001

jj

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image40.wmf]110

001

1

0

2

00

jj

j

éù

êú

êú

êú

-

êú

ëû


	
[image: image41.wmf]110

001

1

0

2

00

jj

j

éù

êú

êú

êú

-

êú

-

ëû



	8 – 11
	
[image: image42.wmf]100

011

1

100

2

011

éù

êú

êú

êú

êú

-

ëû


	
[image: image43.wmf]100

011

1

100

2

011

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image44.wmf]100

011

1

00

2

011

j

éù

êú

êú

êú

êú

-

ëû


	
[image: image45.wmf]100

011

1

00

2

011

j

éù

êú

êú

êú

-

êú

-

ëû



	12 – 15
	
[image: image46.wmf]100

011

1

100

2

0

jj

éù

êú

êú

êú

êú

-

ëû


	
[image: image47.wmf]100

011

1

100

2

0

jj

éù

êú

êú

êú

-

êú

-

ëû


	
[image: image48.wmf]100

011

1

00

2

0

j

jj

éù

êú

êú

êú

êú

-

ëû


	
[image: image49.wmf]100

011

1

00

2

0

j

jj

éù

êú

êú

êú

-

êú

-

ëû



	16 – 19
	
[image: image50.wmf]100

010

1

001

2

000

éù

êú

êú

êú

êú

ëû


	
[image: image51.wmf]100

010

1

000

2

001

éù

êú

êú

êú

êú

ëû


	
[image: image52.wmf]100

000

1

010

2

001

éù

êú

êú

êú

êú

ëû


	
[image: image53.wmf]000

100

1

010

2

001

éù

êú

êú

êú

êú

ëû




Table 3 Codebook for transmission on antenna ports 
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Table 4: Codebook for transmission on antenna ports 
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Index 0-7 for partial coherence, Index 8-11 for Non-coherence
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4. Conclusion

In this contribution, the following proposals are given:

Proposal 1: 

· Within the following two reports, only one of them is explicitly reported from UE to the network, with the other one implicitly derived: 

· Coherence capability report

· Number of PTRS ports
Proposal 2: 

· SRS resource sets are configured with explicit indication of its usage for CSI acquisition or for beam management.  

Proposal 3: 

· For the resources within the SRS resources set configured for beam management, only one resource in each of the multiple SRS sets can be transmitted at a given time instant;

· For the resources within the SRS resources set configured for CSI acquisition, all the resources could be transmitted simultaneously.

· CSI-RS for the calculation of SRS precoding is configured per SRS set.  

Proposal 4: 

· For codebook based transmission, support only one resource per SRS resource set, with number of ports of the SRS equal to number of max UL transmission layers;
Proposal 5: 

· UEs are not implicitly indicated by SRI about whether the UL transmission is codebook based or non-codebook based. 
Proposal 6: 

· Codebook based transmission with multiple SRI in the UL grant is not supported in R-15.   
Proposal 7: 

· UL 4Tx CP-OFDM codebook should be constructed through the following stages:

· First select ports for coherent transmission

· Then within the selected ports, support Householder combination

· The codebook size for each UE is reduced through its coherence capability

Proposal 8: 

· For UE with full coherence capability

· Support Householder based codebook for UL 4Tx CP-OFDM transmission
· For UE with partial coherence and non-coherence capability

· Support the codebook in Table 1 to Table 4 
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