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Introduction
This is a revision of R1-1810436. Revision includes addition of simulation evaluations and discussions in Section 3 and an appendix.
At RAN1 #91, the UL codebook design for NR was finalized:
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The agreed codebook has the following allocation of number of codewords according to the UE capability (non-coherent, partially coherent, coherent transmission) and rank:
	Rank 
	Full Coherence 
	Partially Coherent 
	Non Coherent

	Rank 1
	16
	8
	4

	Rank 2
	8
	8
	6

	Rank 3
	4
	2
	1

	Rank 4
	2
	2
	1



Table 1 Allocation of number of codewords according to UE capability and rank
For a UE reporting non-coherence transmission capability, only 4, 6, 1 and 1 codewords at rank 1, 2, 3 and 4 respectively for non-coherent transmission are available.
For a UE reporting partial coherence transmission capability, only 8+4, 8+6, 2+1, and 2+1 codewords at rank 1, 2, 3 and 4 respectively for partial-coherence and non-coherence transmissions are available.
For a UE reporting full coherence transmission capability, 16+8+4, 8+8+6, 4+2+1 and 2+2+1 codewords at rank 1, 2, 3 and 4 respectively for full-coherence, partial coherence and non-coherence are available. 
It is noted that a codeword under partially coherent and non-coherent transmissions does not utilize fully the Tx power available at a UE. 


Figure 1 Implementation with four 17 dBm power amplifiers.
With the architecture in Figure 1, four 17 dBm PAs are used at a UE with Pc,max=23 dBm. Note when a UE reports non-coherence transmission capability, the maximum transmission power at rank 1 is limited to 17 dBm, which may lead to link budget issues in uplink.


Figure 2 Implementation with four 23 dBm power amplifiers (PAs) for a UE with Pc,max=23 dBm
In Figure 2, a straight-forward implementation with four 23 dBm PAs can be used to support all codewords in the Rel-15 specification at a UE’s maximum power (e.g. Pc,max=23 dBm). Some companies have proposed to modify the power control formula in NR so the architecture in Figure 2 or some other architectures providing the same output power for all scenarios are required. Note the solution in Figure 2 can be rather costly from UE implementation point of view, and also wasteful, as all the relatively high power PAs are not used all the time.
Observation 1: Implementation with four 23dBm power amplifiers for a UE with Pc,max=23dBm can be rather costly from UE  implementation point of view, and also wasteful. To support full Tx transmission by modifying the power control formula is undesirable.
The architecture in Figure 1 is preferred over alternatives from Figures 2. In this contribution, we consider a number of schemes to address the UL transmission power issues (e.g. architecture in Figure 1 can be used).
Scheme 1
In the first scheme, power amplifiers and switch(es) are used; so at some Tx chains a PA with   maximum output power less than Pc,max can be used.  


Figure 3 Alternate implementation with two 23 dBm, two 17 dBm PAs for a UE with Pc,max=23 dBm
In Figure 3,   when 23 dBm power is required at Antenna 2, PA 1 is switched to Antenna 2 (shown with a dashed line), and PA 2 is turned off. When 23 dBm power is required at Antenna 4, PA 3 is switched to Antenna 4 (shown with a dashed line), and PA 4 is turned off. 
If the antenna switching based approach is utilized, it is expected that non-zero switching time needs to be budgeted in the case PA 1 is switched to Antenna 2, that can be due to either rank switching or precoder switching for example from using to using  As the decision of antenna switching may be dependent on UE implementation (e.g. when to start the antenna switching), the PUSCH scheduling latency may be impacted as the network may have to assume the longest switching time. 
Scheme 2
In the Rel-15 specification, the DCI fields are budgeted according to Table 1. To reduce changes to the specification in Rel-16, we can consider the following scheme:
· For Rank 1, the codebook consists of 16 + 8 + 4 codewords coming from the codewords chosen for full coherence, partial coherence, and non-coherence as defined in TS 38.211 Table 6.3.1.5-2/ Table 6.3.1.5-3. 
· For Rank 2, the codebook consists of 8 + 8 + 6 codewords coming from the codewords chosen for full coherence, partial coherence, and non-coherence as defined in TS 38.211 Table 6.3.1.5-5. 
· For Rank 3, the codebook consists of 4+2+1 codewords coming from the codewords chosen for full coherence, partial coherence, and non-coherence as defined in TS 38.211 Table 6.3.1.5.4-6. 
· For Rank 4, the codebook consists of 2+2+1 codewords coming from the codewords chosen for full coherence, partial coherence, and non-coherence as defined in TS 38.211 Table 6.3.1.5-7. 

We propose to revisit the agreement concerning codebook subset restriction reached in Rel-15. In Rel-15 codebook subset restriction is per UE capability in terms of coherent transmission/partially coherent transmission/non-coherent transmission. With that agreement, when a UE reporting non-coherence/partial coherence transmission capability, no codeword utilizing all 4 Tx chains (i.e. codewords designed for coherent transmission) is available at the UE.
One could envision if codebook subset restriction be under the discretion of the gNB, and codebook subset restriction   be decoupled from a UE’s capability signaling, then even when a UE reports non-coherent transmission, the gNB could still configure codewords utilizing all Tx chains, e.g. a codeword designed for coherent transmission, so all the Tx chains could be actively involved in the UL transmission and full power utilization could be achieved. Of course, in this case it is necessary to clarify how a non-coherent transmission only capable UE should utilize a codeword originally design for coherent transmission. 
Depending on the UE capability in terms of coherent transmission (which enforces restriction on the signaling overhead by a design choice taken in Rel-15), through codebook subset restriction (e.g. a bitmap), the gNB signal the selection of codewords at each rank. And the number of chosen codewords at each rank at a reported UE capability follows the Table 2. Note a gNB should be allowed to select any codeword at a given rank, i.e. the allowed codewords are decoupled from the UE capability reporting concerning coherence transmission. As the number of available codewords at each rank and each reported UE capability is the same as in Rel-15, modification in dynamic control signaling design is avoided.

	Rank 
	Full Coherence 
	Partially Coherent 
	Non Coherent

	Rank 1
	28
	12
	4

	Rank 2
	22
	14
	6

	Rank 3
	7
	3
	1

	Rank 4
	5
	3
	1


Table 2 Allowed number of codewords according to UE capability and rank
One example is given below for a case where a UE reports non-coherence transmission capability, the codewords marked in yellow from Tables from TS 38.211 are selected by a gNB (e.g. through a bitmap or indexing scheme).
The selection can be through a bitmap, e.g. [0000 0000 0000 1010 0000 1010 0000] for the selected words (in yellow) for rank 1, similarly for selected codewords for other ranks. 
Note in Rel-15, the codewords marked in purple are the only codewords available for a UE reporting non-coherence transmission capability; with the proposed scheme then the gNB is free to choose any codewords while meeting the restriction on the number of codewords at each rank as given in Table 2.

Table 6.3.1.5-3: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	

	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-





Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-




Table 6.3.1.5.4-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	-




Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4
	

	-
	-
	-



To avoid the situation that the phase discontinuity is so severe and then signals from two chains may cancel each other instead add up; then robust transmission schemes such as CDD can be considered as shown below.

[image: ]
Figure 5 transmission scheme for a non-coherence capable UE to utilize a codeword originally designed for coherent transmission
When a codeword which is for partially coherent transmission/coherent transmission in Rel-15 is used for a Rel-16 UE capable of non-coherent transmission only, a UE can be allowed to choose/use a power combination scheme, e.g. small delays can be introduced among Tx chains. In the case a codeword which is for coherent transmission in Rel-15 is used at a Rel-16 UE capable of non-coherent transmission only, for each spatial layer, a first set of entries, e.g. the entries corresponding to the same coherence group (e.g. Tx 1 and Tx 3) are transmitted from relevant Tx chains at the same time, while other entries (e.g. for Tx 2 and Tx 4) are transmitted at a different timing from the first set of entries. More specifically 
 is the small delay introduced at Tx chains, and for a UE reporting non-coherent transmission capability,  , and for a UE reporting partial-coherent transmission capability, .
In summary, we propose the following procedure:
· A UE reports its coherence transmission capability to the network (non-coherence, partial coherence, full coherence);
The allowed number of codewords at each rank is looked up from Table 2 by the gNB. And according to the reported coherence transmission capability, the gNB selects a corresponding number of codewords out of all the codewords which may be originally designed non-coherence, partial coherence, full coherence, at a given rank (e.g. through a bitmap for each rank) Such selection by The gNB as a codebook subset restriction (i.e. selection above) is conveyed as in a RRC signaling to a UE. The gNB can also configure multiple sets of codebook subset restriction to a UE, then by using MAC CE, the active codebook subset restriction is selected at a UE. 
· The UE receive the RRC signaling for the configuration of one or multiple codebook subset restriction(s) and potentially MAC CE activation/selection, and the selected codewords at each rank are indexed sequentially as the “1”’s positions in the bitmap.
When The UE receives an uplink DCI, the relevant fields concerning TMPI are construed according to the above steps. CDD may be adopted for the transmission from a non-coherence transmission capable UE with a codeword originally designed for partial coherence transmission or full coherence transmission; and CDD may be adopted for the transmission from a partial-coherence transmission capable UE with a codeword originally designed for full coherence transmission. 


Simulation evaluations
In this section, we provide simulation results for a number of considered schemes for 2Tx. CDL-C with 50ns for RMS delay spread, and ideal channel estimation is used.


Notations 

We first establish notations used in reported simulation results.

Case 1 (“CWs 0-5”)

For Case 1, for a UE reporting “nonCoherent” in pusch-TransCoherence (UE capability), the network signals “fullyAndPartialAndNonCoherent” for codebookSubset within PUSCH-Config, and the DCI fields in Format 0-1 follow those for  “fullyAndPartialAndNonCoherent” . At rank 1, depending the maxRank=1 or maxRank=2, the codewords marked in yellow are available (in another word, the PMI takes a value from 0…5).

Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transformPrecoder=disabled and maxRank = 2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	



Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transformPrecoder= enabled, or if transformPrecoder= disabled and maxRank = 1
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	
	

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	




Case 2 (“CWs 0-1”)
For for a UE reporting “nonCoherent” in pusch-TransCoherence (UE capability), the TPMI is restricted to be 0 or 1 (Rel-15 behaviour).

Case 3 (“CWs 2-3”)

For Case 3, for a UE reporting “nonCoherent” in pusch-TransCoherence (UE capability), the network signals a codebook subset restriction with 2 allowed codwords at rank 1. The DCI fields in Format 0-1 follow those for  “NonCoherent”  with updated tables shown below.  At rank 1, depending the maxRank=1 or maxRank=2, the codewords marked in red are available (in another word, the PMI takes a value from 2 and 3).

Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transformPrecoder=disabled and maxRank = 2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=2

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=3

	2
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	



Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transformPrecoder= enabled, or if transformPrecoder= disabled and maxRank = 1
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=2

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=3

	2
	1 layer: TPMI=2
	
	

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	




Case 4 (“CWs 2-3” with CDD)

For Case 4, for a UE reporting “nonCoherent” in pusch-TransCoherence (UE capability), the network signals a codebook subset restriction with 2 allowed codwords at rank 1. The DCI fields in Format 0-1 follow those for  “NonCoherent”  with updated tables shown below.  At rank 1, depending the maxRank=1 or maxRank=2, the codewords marked in red are available (in another word, the PMI takes a value from 2 and 3). Note a small delay CDD is applied as illustrated in Figure 5. The small delay CDD amount can be ¼, 1/8, 1/32, etc of the CP duration.

Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transformPrecoder=disabled and maxRank = 2
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=2

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=3

	2
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	



Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transformPrecoder= enabled, or if transformPrecoder= disabled and maxRank = 1
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=2

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=3

	2
	1 layer: TPMI=2
	
	

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	






Evaluation results

[image: ]
Figure 5 With Phase discontinuity, relative phase error between 2Tx for PUSCH follows a uniform distribution [-80o, 80 o].
In Figure 5, the 2 Tx chains’ relative phase error for PUSCH (using SRS transmissions as reference) follows a uniform distribution [-80o, 80 o], and the UE report “nonCoherent” in UE capability signalling. Several transmission schemes as explained in Section 2.1 are compared. Among them, making all the codewords (coherent or non-coherent) available to the UE helps (“CWs 0-5” performs well), and  small delay CDD (“CWs 2-3” with ) performs well. On the other hand, the Rel-15 transmission scheme performs worst. The gap between the best performing scheme and Rel-15 non-coherent transmission scheme is about 2 dB at 10% BLER.
 [image: ]
Figure 6 With Phase discontinuity, a fixed 80 degree relative phase error between 2Tx for PUSCH
In Figure 6, the 2 Tx chains’ relative phase error for PUSCH (using SRS transmissions as reference) is fixed to 80 o, and the UE report “nonCoherent” in UE capability signalling. Several transmission schemes as explained in Section 2.1 are compared. Among them, making all the codewords (coherent or non-coherent) available to the UE helps (“CWs 0-5” performs well), and  small delay CDD (“CWs 2-3” with ) performs well. On the other hand, the Rel-15 transmission scheme performs worst. The gap between the best performing scheme and Rel-15 transmission scheme is about 2 dB at 10% BLER.



[image: ]
Figure 7 With Phase discontinuity, a fixed 180 degree relative phase error between 2Tx for PUSCH
In Figure 7, the 2 Tx chains’ relative phase error for PUSCH (using SRS transmissions as reference) is fixed to 180 o, and the UE report “nonCoherent” in UE capability signalling. Several transmission schemes as explained in Section 2.1 are compared. Among them, “CWs 0-5” performs the worst, as the uplink CSI acquired from SRS provides the worst possible precoder for PUSCH due to the 180 o  relative phase error. In this case, small delay CDD (“CWs 2-3” with ) performs well.  The gap between the best performing scheme and Rel-15 non-coherent transmission scheme is about 2 dB at 10% BLER. We note it may be possible to calibrate out the phase error on the network side by requiring SRS transmissions at different power levels and compensate the phase error for PUSCH transmission [1].
We have
Observation 2:  small delay CDD provides robust performance and good performance gain over the Rel-15 non-coherence transmission scheme; depending on the relative phase error characteristics, allowing the use of coherent codewords without the additional CDD operation can be also helpful.

Proposal: a non-coherence capable UE can be signalled to use a precoder originally designed for partial coherent transmission/full coherent transmission in a Rel-15 UL MIMO codebook; a partial coherence capable UE can be signalled to use a precoder originally designed for full coherent transmission in a Rel-15 UL MIMO codebook.








Conclusion

In this contribution, we provide our views on full power utilization in UL MIMO. We have
[bookmark: _GoBack]Observation 1: Implementation with four 23dBm power amplifiers for a UE with Pc,max=23dBm can be rather costly from UE  implementation point of view, and also wasteful. To support full Tx transmission by modifying the power control formula is undesirable.
Observation 2:  small delay CDD provides robust performance and good performance gain over the Rel-15 non-coherence transmission scheme; depending on the relative phase error characteristics, allowing the use of coherent codewords without the additional CDD operation can be also helpful.
Proposal: a non-coherence capable UE can be signalled to use a precoder originally designed for partial coherent transmission/full coherent transmission in a Rel-15 UL MIMO codebook; a partial coherence capable UE can be signalled to use a precoder originally designed for full coherent transmission in a Rel-15 UL MIMO codebook.
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Appendix RAN4 requirements on UL MIMO coherence
The RAN4 requirements for UL MIMO coherence can be found in TS 38.101-1:
[bookmark: _Toc518915452]6.4D.4	Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna ports in any slot within the specified time window from the last transmitted SRS and those measured at that last SRS, when the UL transmission power at each antenna port is larger than 0 dBm.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	[40] degrees
	4 dB
	20 msec
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