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1. Introduction
In RAN1 #88, it is agreed that the following techniques are studied for NR UL MIMO[1]. 
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder

· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.

· Transmit Rank indicator (TRI)

· Possible values are up to the number of SRS ports configured in the indicated SRI

· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMIs depend on the number of SRS ports configured in the indicated SRI

· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission
· FFS: Subband TPMI 

· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)
· FFS: Joint encoding or separate encoding
In RAN1 #88bis, it is further agreed that the following techniques are studied for NR UL MIMO[2]. 
· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details

· For codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, support one of the following alternatives: 

· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 

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

· Other alternatives are not precluded

· Note: Subband TPMI may correspond to W2 if dual-stage codebook is supported

· FFS whether or not wideband TPMI is always signaled along with subband TPMI

In RAN1 #89, it is agreed that one of the following UL codebook design principles will be down-selected [3]. 
· Alt1:  NR supports UL codebook at least for a single panel. 

· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.

· FFS on multi-panel UL codebook

· Whether or not support additional components (e.g., panel co-phase)  

· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs

· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.

· Alt 2: Focus on designing a common framework UL codebook for single-panel and multi-panel

· Alt 3: Design different UL codebooks for single-panel and multi-panel, respectively.

Codebook details are FFS ,Existing LTE codebooks should be considered as baseline.
In NR Adhoc#2, the conclusion on codebook based UL transmission is[4]:
To better understand the tradeoff of uplink cell throughput gain vs. the overhead of control signalling for down-selection, determine the control signalling for frequency-selective precoding after the codebook is defined. In this contribution, we show our views on codebook-based transmission. 
In RAN1#90, the agreements on codebook based UL transmission are[5]:
· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only

	Codebook index
	Number of layers 
[image: image1.wmf]u



	
	1
	2

	0
	[image: image2.png]=[]




	[image: image3.png]=





	1
	[image: image4.png]=[]




	[image: image5.png]




	2
	[image: image6.png]1

=i




	[image: image7.png]o
5l 1





	3
	[image: image8.png]=[]




	

	4
	[image: image9.png]=[]




	

	5
	[image: image10.png]=[]




	


· 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

· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15

· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI

· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains

· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains

· FFS: how UL MIMO precoding design takes into account the above capability

In RAN1 NR adhoc#3, further agreements on codebook based UL transmission are[6]:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15

· Additional codewords for antenna port selection will be also supported

· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)

In this contribution, we show our views on codebook-based transmission. 
2. Codebook based transmission 

2.1  UL codebook design principles
In 5G NR, at least UL codebook for a single panel should be supported for UE with only one panel. Since multiple antenna panels at UE side is also an important configuration, UL codebook for multiple-panels can also be studied.  Now, there are three competing alternatives for UL codebook design:
Alt1:  NR supports UL codebook at least for a single panel. 

Alt 2: Focus on designing a common framework UL codebook for single-panel and multi-panel

Alt 3: Design different UL codebooks for single-panel and multi-panel, respectively.
Although multi-panel is considered as an important configuration in NR, it is still not known about the typical multi-panel designs at UE side due to varying form factors of mobile devices.  Unlike DL codebook, it is more challenging to design a common codebook to adapt to different possible multi-panel structures of UEs.  To design a codebook particularly for multi-panel, the goal is often to optimize joint transmission from multiple panels.  However, this would increase the complexity of codebook design as well as UE implementation significantly.  It is also not clear how much benefit it brings provided that more advanced receiver can be often used at the network side.  Given that multi-panel transmission can be supported by using multiple CSIs with each of them based on a single panel codebook, it is desirable to focus on single panel codebook in NR Phase I.   If time allows, we can then further study additional components e.g. inter-panel phase on top of the single panel codebook.
Proposal 1：Focus on designing a UL codebook for a single panel in NR phase I
2.2 UL transmission framework
Assume a SRS resource pool including K>=1 SRS resources is configured by high layer signalling. In general, SRS ports in the same resource are expected to have similar characteristics in different aspects in different cases. e.g. SRS ports are transmitted by the same panel, SRS ports use the same RF beam, SRS ports are transmitted by different TXRUs, etc.

Here we consider an example of configuring one SRS resource per panel for CSI acquisition stage to multi-panel transmission.  gNodeB sends indication on selection of  X>=1 SRS resources to UE with each SRS resource corresponding to a layer group. 

An example is given in Figure 1. X=2 SRS resources are selected for UL transmission, SRS resource 1 is corresponding to the first layer group, including layer 1,…,r1, and SRS resource 2 is corresponding to second layer group, including layer r1+1,…, r2.   Here r1 is indicated by TRI1 and r2 is indicated by TRI2 respectively. Codebook can be configured resource-specifically, and two TPMIs should be sent to UE.

[image: image11.emf]…

…

…

…

…

…

…

…

SRS resource 1 

(including d

1

resource)

SRS resource 2

(including d

2

resource)

Codebook subset

SRI1

SRS resource 

pool

SRI2

Layer 1

Layer r

1

…

Layer j

Layer j+r

2

…

j=1 or r

1

+1

  (d

1

x r

1

)

Precoding

Precoder 1

TMPI1, TRI1

Codebook subset

  (d

2

x r

2

) Precoder 2

TMPI2, TRI2


                                                   Figure 1: Framework of  codebook based UL transmission
This UL transmission framework is beneficial in the following perspectives:

Simplify UL codebook design: This framework simplifies codebook design as it does not require to support of large number of ports.  Multi-panel joint transmission can be supported by indication of multiple SRIs and PMIs.  The codebook corresponds to ports with similar channel characteristics which also simplify codebook consideration.

Support flexible transmission scheme: This framework can be used to support different transmission scheme e.g. dynamic panel/antenna group selection, multi-panel joint transmission for same layer or different layers.  Both precoded SRS and non-precoded SRS can be supported in this framework. 
Proposal 2：The framework of UL transmission proposed in Figure 1 should be supported
This framework can also be reused for non-CB based transmission, if no PMI is configured. So both coherent and non coherent transmission and for partial coherent transmission can be supported based on this framework. 

For identifying UE capability, gNodeB can assume that coherent transmission can be supported based on SRS ports in the same resource can support, only non-coherent transmission should be supported across SRS resources in phase I. For partial coherent transmission, we can further study this scheme in phase II.
Proposal 3：gNodeB can assume that coherent transmission can be supported based on SRS ports in the same resource can support, only non-coherent transmission can be supported across SRS resources
2.3  Precoders in UL Codebook 

SRS ports in the same resource are expected to have similar characteristics. Different codebook design should be considered for different characteristics. 

Type I: Port selection precoder

In LTE, UL codebook includes precoders for port selection.  This can control peak-average power ratio more easily. Considering NR still supports DFT-s-OFDM, this type of precoder should also be considered.  In addition, new use cases are introduced by hybrid beamforming. Therefore, port selection precoder should be considered for the following cases：

· All the ports in a SRS resource are transmitted by different TXRUs. 

· A SRS resource contains multiple analog beams transmitted by the same TXRU at different SRS symbols. 

· A SRS resource contains two ports corresponding to two panels with power imbalance respectively.
Type II: Port combination precoder
In LTE and NR, DL CSI feedback supports codebook for port combination. In NR, we can consider to reuse it on UL as well.  This set of precoders does combination in phase from different TXRUs including different polarization directions. 
Port combination precoder should be considered at least for the following case：

· A  SRS resource contains the same analog beam from different TXRU. 

For 2Tx and 4Tx (rank 1), we agreed that both port selection and combination precoders should be supported for DFT-S-OFDM, but for CP-OFDM, port selection precoders are still FFS. In our view, for flexibility, both port selection and combination precoders should be supported, Selection of different types of precoder may depend on various factor including UE capability and switching between different transmission schemes.  Configuration of codebook can be done in two steps.  First, UE reports which set of precoders it can support.  Then the gNB can configure subset of precoders according to its desired UL transmission schemes.  This configuration can be done by CSR similar to LTE in Downlink CSI feedback.
Proposal 3:  Codebook subset restriction is supported to select port selection/combination precoders from UL codebook
3.4 DMRS mapping for codebook based transmission
For codebook based UL transmission according to SRS measurement, there are two alternatives of DMRS mapping between DMRS and SRS.
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                                                   Figure 2: Alt-1 for UL Precoding
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                                                   Figure 3: Alt-2 for UL Precoding
Alt-1：Transparent DMRS based: Data transmission and DMRS ports are have the same precoder which is based on measurement from SRS.  If only PMI is involved, the DMRS mapping is done like LTE.  If multiple SRIs are involved, SRI to DMRS mapping needs to be defined.  e.g. in the order of the indication.

Alt-2: Non-transparent DMRS based: DMRS has different precoders as data transmission.  Figure 3 shows the two stage precoder.  Precoding of DMRS is based on W1 which is based on SRS selection (SRI) or W1 wideband codebook selection.   W2 are subband precoders which can be applied to DMRS to obtain the final precoder used for the data. 

On UL, the difference from DL is that the UL precoder is indicated non-transparently through TPMI.  Non-transparent DMRS based transmission can be more easily supported.  The major benefit of this is DMRS bundling can be done with larger bundling size which increase the channel estimation performance.  In addition, for hybrid beamforming, it also matches the property that analog beamforming by SRI is wideband and digital beamforming by PMI is subband.  Moreover, non-transparent scheme can be also used for semi-open-loop/open loop schemes.
Proposal 4: Both Alt-1 and Alt-2 (i.e. transparent DMRS and non-transparent DMRS based transmission) for UL transmission should be supported in UL codebook based transmission.
3.5  Control signalling for codebook based transmission
For DL signaling, there is discussion on two level DCI [7] and one level DCI. For two level DCI, the first level DCI contains common signaling field for all transmission schemes, and indicates the existence of the second level DCI which contains transmission scheme specific signaling. However, when UE is configured to closed-loop transmission scheme, the existence of subband W2 is on condition that first level DCI contains wideband W1, the signaling overhead of W1 can’t be saved when W1 is a long-term parameter and W2 is a short-term parameter. For one level DCI, PMI and other signalling are included in one single DCI. One level DCI can be a unified design for uplink and downlink transmission schemes. 

Proposal 5: Single DCI can be supported for TPMI indication considering the unified design for uplink and downlink transmission schemes.
For UL CB based transmission, gNodeB should signal SRI, TPMI and TRI in DCI.  Since multiple SRIs is supported in non-codebook based UL transmission, it is natural to extend it to codebook based transmission with TPMI feedback associated with each SRI.  Then SRI may have different number of ports.  For different SRS resources, the maximum number of transmission layers may be different. So, joint encoding of SRI, TPMI and TRI is an efficient way for indication on CB based transmission. If dynamic waveform switching is supported, we can further consider how to jointly encode SRI, TPMI, TRI and WI(waveform indicator).
Proposal 6:  Support joint encoding of SRI, TPMI, TRI and waveform indicator in DCI
3.  Subband TPMI for frequency selective precoding
Subband TPMIs are beneficial for UL transmission if the channel is frequency selective. However, indications of subband precoders in every subband would increase overhead of DCI significantly.  So we need a trade-off on PDCCH performance and PUSCH performance.   We can reduce DCI signaling overhead on two aspects.
gNodeB can configure multiple sets of subband precoder parameters by high layer signaling for a long time window. In each set, it contains the following parameters：subband size, codebook subset (if needed), and multiple TPMIs corresponding to multiple subbands.  These high layer subband precoder parameters should be configured for all PRBs in UL. Both RRC signaling and MAC-CE should be considered for subband precoder configuration. gNodeB can dynamically indicate a set of indexes to UE for current UL transmission through DCI if channel condition or interference condition is changed, the UE can determine subband precoder based on RA information and parameters in the indicated set. This approach is shown in Figure 4. In this approach, we don’t need lots of bits to indicate multiple TPMIs in DCI, we believe that less than 4 bits are required. 
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                                                   Figure 4: dynamic selection of subband precoder configuration
Different granularity of UL precoder in frequency domain should also be considered for reducing DCI overhead. One example is that gNodeB signal a wideband TPMI, and multiple subband TPMIs for selected subbands.   If gNodeB observes obvious mismatch between the wideband precoder and the channel matrix for some subbands, the subband TPMIs can be signaled for improving UL transmission performance.  In this approach, gNodeB should signal the indexes of these subbands.  

How to define subband  for UL precoder  is similar to  how to define bundling size for DL precoder, since we agree that PRB bundle is based on absolute PRB-grid of a component carrier, we think that subband TPMIs should not be determined by resource allocation for a slot.
Proposal 7:  Subband TPMIs should not be linked to resource allocation in a slot..  Candidates subband-PMIs can be configured by higher layer for selection in DCI. 
4. Conclusion
In this contribution, we discuss the codebook-based transmission for NR. From the above discussion, we have the following proposals:
Proposal 1：Focus on designing a UL codebook for a single panel.. 
Proposal 2：The framework of UL transmission proposed in Figure 1 should be supported

Proposal 3: Codebook subset restriction is supported to select port selection/combination precoders from UL codebook
Proposal 4: Both Alt-1 and Alt-2 (i.e. transparent DMRS and non-transparent DMRS based transmission) for UL transmission  should be supported in UL codebook based transmission.
Proposal 5: One level DCI can be supported for TPMI indication considering the unified design for uplink and downlink transmission schemes.
Proposal 6:  Support jointly encoding  SRI, TPMI,TRI and Waveform Indicator in DCI
Proposal 7:  Subband TPMIs should not be linked to resource allocation in a slot..  Candidates subband-PMIs can be configured by higher layer for selection in DCI.
References
[1] RAN1#88 Chairman’s Notes
[2] RAN1#88bis Chairman’s Notes
[3] RAN1#89 Chairman’s Notes
[4] NR adHoc#2 Chairman’s Notes
[5] RAN1#90 Chairman’s Notes
[6] NR adHoc#3 Chairman’s Notes
[7] R1-1608820, Discussion on UL MIMO transmission, Huawei, HiSilicon.
1
1

_1559071560.vsd
…


…


…


…


…


…


…


…


Codebook subset


SRI1


SRS resource pool


Codebook subset


SRS resource 1 
(including d1 resource)


SRI2


SRS resource 2
(including d2 resource)


Layer 1


Layer r1


…


Layer j


Layer j+r2


…


j=1 or r1+1


  (d1 x r1)


Precoding


Precoder 1


TMPI1, TRI1


  (d2 x r2)


Precoder 2


TMPI2, TRI2



_1565006138.unknown

_1561896957.vsd
Subband precoder configuration 1


Subband precoder configuration 2


Subband precoder configuration N


…


Slot


Slot


Slot


Slot


Slot


Slot


…


Subband precoder configuration indicator


T1



_1555595723.vsd
…


…


…


…


SRS resource 1 
(including d1 ports)


Layer 1


Layer r1


  (d1 x   r1)


Precoder W


r1 DMRS Ports  and r1 layers 



…


…



_1555661562.vsd
…


…


…


…


SRS resource 1 
(including N1 ports)


Layer 1


Layer r1


  (d1 x p1)


Precoder W1


p1 DMRS Ports 


…


Precoder W2
  ( p1 x r1)


…


r1 layers 


SRS resource K 
(including NK ports)


…


…


…


…



