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1. [bookmark: _Toc474161164]Introduction

Following agreements from RAN1#88 and RAN1#88bis for codebook based transmission for uplink were reached:
Agreements:
· 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
Agreements:
· 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


Furthermore, the minimum number, as well as the definition, of X and Y ports from the agreement below used to determine the support of frequency selective precoding for Scheme A and B are still undecided.
Agreements:
· Scheme A: Codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than X (FFS: Value of X).”, FFS the value X and the interpretation of transmission port(s)
· Scheme B: Non-codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than Y (FFS: Value of Y).”, FFS the value Y and the interpretation of transmission port(s)

In RAN1 #89, additional agreements were reached:

Agreements:
· One of the following UL codebook design principles is down-selected until next meeting.
· 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.
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2. Discussion on UL based on CP-OFDMA

First it has not been agreed whether SRS with 8 ports is supported in NR Phase I. There is no clear market need for a feature with 8 Tx UL transmission from a regular UE; hence there is no urgency to pursue the design of 8 port codebook.
 Some companies have proposed that SRS with 8 ports, and accompanying DMRS design should be enabled in Phase I for forward compatibility. With that understanding, codebook design with up to 8 ports can be discussed depending on the availability of time. Codebook support at 8 ports should be considerable an optional feature or a UE capability if in the end it is specified. 

When there are 8 ports placed on a UE, we see there can be a number of practical issues:
First, due to the small form factor of a typical UE, antennas have to be packed in a dense area. From that, there can be strong correlation among antennas, hence the codebook design based grids of beams from Rel-10, Rel-12, Rel-13/14 (e)FD-MIMO, and NR DL MIMO codebooks can be considered as a starting point for the NR UL codebook design. Note when the uplink transmission technology is used not on a regular UE, e.g. over a CPE, there may be more space to place antennas; and the symmetry design between DL and UL can drive a codebook design to its logic end: using the DL codebooks for UL. However, we note that should not be the main use case to drive the UL codebook design.
To reduce the correlation among antennas, antennas on a UE can be also placed at different panels on that UE. In this case, the correlation among antennas can be weakened compared to the above discussed case. In this case, Rel-8 2 Tx/4Tx codebooks seem to be more suitable as the starting point.  We note taking fewer assumptions on the antenna configurations can give UE implementation more flexibility. 

Also as UL MIMO transmission from a single UE should target SU-MIMO, hence a suitable reference from NR includes codebook designs under Type I, and NR Type II codebook design should be excluded as it targets MU-MIMO and also the signalling overhead with Type II can be too much.

To have a balanced support the above two cases, we propose to use multi-panel codebook for UL besides the single-panel Type I codebook, and also expand multi-panel codebooks to include rank 5-8.


 For rank 5-8, precoder follows Type I rank 5-8 SP codebook design with  for 
·  are defined in Type I SP codebook
·  is given in the rank 1 MP codebook for each mode except for 
· Mode 1: Calculation and reporting of  can be subband (1 bit/subband), and  is wideband ( bits)
· Mode 2: Calculation and reporting of and  can be subband (bits/subband) and  is wideband (bits

Transmission with beamformed SRS










Due to the phase discontinuity issue, ideally the UE power amplifier output power used for SRS transmission should be the same as that for data transmission. To analyze the problem, we first consider non-precoded SRS transmission. If there are two Tx antennas with separate power amplifiers at a UE, and power is used for SRS port ,  at time . Then the base station measures the SRS transmissions from the UE and derives a preferred precoder (e.g. with 90 degrees phase difference between the channels from two ports, a precoder with 90 degrees phase difference between two ports is chosen). And in the DCI scheduling PUSCH, the base station requests the preferred precoder for PUSCH. When the UE transmits PUSCH with power  at . If , , the phase difference between Tx antennas at  may be different from that at , and the applied precoder (e.g. 90 degrees co-phasing) does not lead to good combining from those two antennas.



Now we can consider beamformed  SRS. Assume the network configures a -port CSI-RS, and the UE estimates a DL covariance matrix  for example over a wideband.

And eigen-decomposition is performed on :










 is a  unit-norm vector, , and  are the eigenvalues. Assume the UE uses some of , say  and  for beamformed SRS  transmission, the power emitted from antenna  is proportional to:

, where  is the antenna index.And it can happen that


	


if , .
To deal with such  an issue, then the precoders for CSI-RS need to be normalized:


	

and  are used as the precoders for CSI-RS. Alternatively, the UE can also use W1 in a dual stage codebook for SRS  precoding to ensure each element in the vector has the same amplitude. 







Let (e.g.  ) be the precoder used for SRS, be the number of columns in .  And the precoder for PUSCH requested by the network through beamformed SRS is given by . Now we can consider what condition needs to be enforced on to avoid the phase discontinuity issue.


To statisfy the requirement that phase discontinuity problem does not arise, we need to enforce the rule that the power difference between antennas does not change due to the use of :


	

With the notations 


	












The precoder  for rank1 is given by  , , ...,   with a possible power scaling so the antenna power amplifier output for PUSCH is exactly the same as for beamformed SRS. If =4, then rank 2 precoders are given by , .


rank 3 precoders are given by  .



rank 4 precoder is given by , where  are the power scaling factors. For rank >1, besides being used to meet the amplifier output requirement,  can be also used for a waterfilling- transmission scheme.

The uplink codebook design may include signalling for  for rank >1.
The extraction of the SRS precoder can be also performed on a polarization basis. For example,  if Tx antenna ports 1-4 at UE are at 45 degrees, and T antenna ports 5-8 at UE are at -45 degrees. The SRS precoder can be extracted from 2 4x4 covariance matrices respectively for Tx antenna ports 1-4 and port 5-8. In this case, the port selection codebook from FD-MIMO class B can be used. 
 We have:

Proposal 1: the codebook for the beamformed SRS is based on port selection.
 

 

Wideband vs frequency selective precoding

Previously, the following agreements were reached:

Agreements:
· 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



 

First, we have the observation that with DCI based signaling, the size of fields for transmission rank and TPMI (and potentailly padding) should be fixed irrespective of the transmission rank and resource allocation, otherwise the blind detection complexity would explode.

[bookmark: _GoBack]Inspecting the table below for DL NR Type I feedback overhead (Figure 1), for both the single-panel and multi-panel codebooks, it is clear that frequency selective precoding for lower ranks such as rank 1 comes with much higher signaling overhead for sub-band indication. From that we propose to use different sub-band sizes for different ranks. For example, for rank 1 and rank 2, one sub-band consists of 20 PRBs, and for rank 3 and higher, one sub-band consists of 5 PRBs. One illustration is provided in Figure 2 below. In this way, the signaling overhead for frequency selective precoding remains the same irrespective of the transmission rank.



Figure 1 NR Type I feedback overhead


Beyond the consideration on the signaling overhead, the adapation of the subband size according to transmission rank can be also justified by the relationship between delay spread and angular spread, and ultimately between delay spread and the spatial rank of the propogation channel. As a larger delay spread tends to be associated with  a higher spatial rank of the propagation channel; if the desired precoding is at rank 1/rank 2, it can suggest the channel may not be very frequency-selective, hence a larger sub-band size is justified.

 [image: ]
Figure 2 Example for different sub-band sizes at different ranks


Then in the downlink signalling (either in DCI or MAC CE), we have 

Total bits for rank indication & PMI indication





	Rank indication
	Wideband indication
	Sub-band indication 1
	Sub-band indication 2
	
	…


Figure 3 Part of DL signaling fields  for UL codebook based transmission

As shown in Figure 3, the number of sub-band indication fields is a function of the transmission rank. The transmission rank, which is determined from the field “rank indication” can inform a UE how many fields for “sub-band indication” are expected. For example, if the size of the sub-band signaling fields is designed/configured for 12 bits, then 3 fields for sub-band signalling at rank ½ can fit in, and 12 fields for sub-band signalling at rank 5-8 can fit in. 

As the maximum allowable uplink transmission bandwidth can be different depending on bandwidth adaptation, the sub-band size can be a function of the maximum allowable uplink transmission bandwidth if Alt. 2 is adopted. 

For a UE supports 2, 4 or 8 Tx, first the UE needs to report such a capability to the network or such a capability can be inferred from the UE category. Next the network needs to configure the UE with the number of transmit antennas and the maximum transmission rank for the UE through RRC signaling, which can be different from the number of maximum allowed SRS ports. Say a UE can be configured 8 SRS ports yet the network chooses to limit the maximum transmission rank to 4. Further a UE’s number of transmit antennas can be modified at a more frequent basis through RRC signaling, L1/L2 signaling, if power saving through such signaling is found beneficial. As the number of transmit antennas is modified, the accompanying maximum transmission rank can be also affected.





Let  be the total bits for rank indication and PMI indication. Depending on the maximum transmission rank for UL, the field ( “rank indication” can take 1 bit to 3 bits. Assume the field “wideband signaling”(for W1 in the dual stage codebook) takes  bits (we use  to make the dependence of the “wideband signal” size on the transmission rank explicitly), then there are

 bits left for sub-band signaling (for W2 in the dual stage codebook).


With Alt. 2, then the sub-band size at rank  is given by


	
or


	


With Alt. 1, then the sub-band size at rank  is given by



	
or


	



We have:

Proposal 2: to keep the signalling overhead for TMPI constant, the sub-band size for TMPI signaling is adjusted according to the chosen transmission rank. 



3. Conclusion

In this contribution, we discuss UL codebook based MIMO transmission. We have 
Proposal 1: the codebook for the beamformed SRS is based on port selection.
 
Proposal 2: to keep the signalling overhead for TMPI constant, the sub-band size for TMPI signaling is adjusted according to the chosen transmission rank. 


[bookmark: _Ref465946353][bookmark: _Ref433921106]






7

oleObject3.bin

image47.wmf
(2,3,4)}

(1,3,4),


oleObject50.bin

image48.wmf
]

[

4

4

3

3

2

2

1

1

e

p

e

p

e

p

e

p


oleObject51.bin

image49.wmf
j

p


oleObject52.bin

oleObject53.bin

oleObject54.bin

image50.emf
Type I feedback overhead
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wideband feedback, # 
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log2(N1xN2xO1xO2xNg)

subband 

feedback, # 

of bits 

(assume 

L1=L2=2)

wideband feedback 

only, # of additional bits 

beyond 

log2(N1xN2xO1xO2xNg)

rank 1 log2(N1xN2xO1xO2/(s1xs2))     log2(L1xL2)xS 2xS -2 4 2

rank 2 log2(N1xN2xO1xO2/(s1xs2)) 2   log2(L1xL2)xS S 0 3 3

rank 3 log2(N1xN2xO1xO2) 2   S 2 1 3

rank4 log2(N1xN2xO1xO2) 2   S 2 1 3

rank3 (>16)log2(N1xN2xO1xO2/2)   2 S 3 1 2

rank4 (>16)log2(N1xN2xO1xO2/2)   2 S 3 1 2

rank5 log2(N1xN2xO1xO2)     S 0 1 1

rank6 log2(N1xN2xO1xO2)     S 0 1 1

rank7 log2(N1xN2xO1xO2)     S 0 1 1

rank8 log2(N1xN2xO1xO2)     S 0 1 1

rank 1 log2(N1xN2xO1xO2/(s1xs2))     2x(Ng-1)   log2(L1xL2)xS 2xS 2x(Ng-2)-log2(Ng) 4 2xNg-log2(Ng)

rank 2 log2(N1xN2xO1xO2/(s1xs2)) 2   2x(Ng-1)   log2(L1xL2)xS S 2x(Ng-1)-log2(Ng) 3 2xNg+1-log2(Ng)

rank 3 log2(N1xN2xO1xO2) 2   2x(Ng-1)   S 2xNg-log2(Ng) 1 2xNg+1-log2(Ng)

rank4 log2(N1xN2xO1xO2) 2   2x(Ng-1)   S 2xNg-log2(Ng) 1 2xNg+1-log2(Ng)

 

rank 1 log2(N1xN2xO1xO2/(s1xs2))     4x(Ng-1) 2x(Ng-1)xS log2(L1xL2)xS 2xS 4x(Ng-1)-2-log2(Ng) 2x(Ng+1) 6xNg-4-log2(Ng)

rank 2 log2(N1xN2xO1xO2/(s1xs2)) 2   4x(Ng-1) 2x(Ng-1)xS log2(L1xL2)xS S 4x(Ng-1) -log2(Ng) 2xNg+1 6xNg-3-log2(Ng)

rank 3 log2(N1xN2xO1xO2) 2   4x(Ng-1) 2x(Ng-1)xS S 4x(Ng-1)+2-log2(Ng) 2xNg-1  6xNg-3-log2(Ng)

rank4 log2(N1xN2xO1xO2) 2   4x(Ng-1) 2x(Ng-1)xS S 4x(Ng-1)+2-log2(Ng) 2xNg-1  6xNg-3-log2(Ng)

wideband feedback

subband feedback

                 N/A

Wideband feedback subband feedback

SP

MP   

Mode 1

MP   

Mode 2


Microsoft_Excel_Worksheet1.xlsx
NR MIMO

				Type I feedback overhead

						Wideband feedback								subband feedback

						Leading beam group identification		Beam group pairing (wideband)		Antenna group co-phasing (wideband)		Inter-panel cophasing (wideband)		Inter-panel cophasing (subband)		subband beam selection		intra-panel co-phasing, subband		wideband feedback, # of additional bits beyond log2(N1xN2xO1xO2xNg)		subband feedback, # of bits (assume L1=L2=2)		wideband feedback only, # of additional bits beyond log2(N1xN2xO1xO2xNg)

		SP		rank 1		log2(N1xN2xO1xO2/(s1xs2))		 		 						log2(L1xL2)xS		2xS		-2		4		2

				rank 2		log2(N1xN2xO1xO2/(s1xs2))		2		 						log2(L1xL2)xS		S		0		3		3

				rank 3		log2(N1xN2xO1xO2)		2		 								S		2		1		3

				rank4		log2(N1xN2xO1xO2)		2		 								S		2		1		3

				rank3 (>16)		log2(N1xN2xO1xO2/2)		 		2								S		3		1		2

				rank4 (>16)		log2(N1xN2xO1xO2/2)		 		2								S		3		1		2

				rank5		log2(N1xN2xO1xO2)		 		 								S		0		1		1

				rank6		log2(N1xN2xO1xO2)		 		 								S		0		1		1

				rank7		log2(N1xN2xO1xO2)		 		 								S		0		1		1

				rank8		log2(N1xN2xO1xO2)		 		 								S		0		1		1

		MP   Mode 1		rank 1		log2(N1xN2xO1xO2/(s1xs2))		 		 		2x(Ng-1)		 		log2(L1xL2)xS		2xS		2x(Ng-2)-log2(Ng)		4		2xNg-log2(Ng)

				rank 2		log2(N1xN2xO1xO2/(s1xs2))		2		 		2x(Ng-1)		 		log2(L1xL2)xS		S		2x(Ng-1)-log2(Ng)		3		2xNg+1-log2(Ng)

				rank 3		log2(N1xN2xO1xO2)		2		 		2x(Ng-1)		 				S		2xNg-log2(Ng)		1		2xNg+1-log2(Ng)

				rank4		log2(N1xN2xO1xO2)		2		 		2x(Ng-1)		 				S		2xNg-log2(Ng)		1		2xNg+1-log2(Ng)

																 

		MP   Mode 2		rank 1		log2(N1xN2xO1xO2/(s1xs2))		 		 		4x(Ng-1)		2x(Ng-1)xS		log2(L1xL2)xS		2xS		4x(Ng-1)-2-log2(Ng)		2x(Ng+1)		6xNg-4-log2(Ng)

				rank 2		log2(N1xN2xO1xO2/(s1xs2))		2		 		4x(Ng-1)		2x(Ng-1)xS		log2(L1xL2)xS		S		4x(Ng-1) -log2(Ng)		2xNg+1		6xNg-3-log2(Ng)

				rank 3		log2(N1xN2xO1xO2)		2		 		4x(Ng-1)		2x(Ng-1)xS				S		4x(Ng-1)+2-log2(Ng)		2xNg-1 		6xNg-3-log2(Ng)

				rank4		log2(N1xN2xO1xO2)		2		 		4x(Ng-1)		2x(Ng-1)xS				S		4x(Ng-1)+2-log2(Ng)		2xNg-1 		6xNg-3-log2(Ng)

						wideband feedback

						subband feedback

				 		               N/A

				S		number of subbands

				Ng		number of panels
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