Page 1
3GPP TSG RAN WG1 Meeting #92bis		R1-1804654
Sanya, China, April 16th – 20th, 2018 

[bookmark: Source]Agenda item:	7.1.2.1.1	
Source: 	AT&T 
Title: 	Remaining Issues for MIMO Codeword Mapping 
Document for:	Discussion/Decision 
Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  It was agreed to have two codewords when the transmission rank is greater than four else single codeword is used. The technical specifications were agreed during the December RAN plenary meeting. However, we observed few issues related to two codeword mapping.  First issue is with the number of codewords indication is missing in the DM-RS port specification. The other issues is regarding the switching the transport block from one codeword to the other codeword for example in re-transmissions.   
In this contribution, we propose few methods to indicate the number of codewords during first transmission and retransmissions. We also outline signaling techniques for switching the transport block from one codeword to the other codeword.
Indication of Number of Codewords in NR 
Since it was already agreed that NR supports two codeword transmission if the transmission rank is greater than 4, the DCI structure uses separate fields of MCS, RV and NDI for each codeword.  Figure 1 shows the DCI structure for multicodeword MIMO in NR. As can be seen from the figure the control channel consists of front part such as resource allocation in frequency and time domain and the end part such as HARQ process identifier etc. In between it consists of MCS, RV and NDI for each codeword/Transport block.  When the number of layers is greater than 4 NR uses two codewords, hence any one of entries of MCS in Table 1 is used to indicate MCS of each codeword if the MCS table for the UE is configured with maximum modulation of 64 QAM. The RV for each codeword can take the values 0,1,2,3. NDI value of each codeword is 1 if it is a new transmission and is 0 if it is re-transmission.  If the number of layers is greater than 4, we don’t see any problem as long as each entry of MCS/RV/NDI is valid combination for each codeword. However, say when the number of layers is less than or equal to 4, then the UE can’t distinguish whether the network is transmitting one codeword or two codewords For choosing the antenna ports as an example, the following table from TS 38.212 is used.
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Figure 1 Downlink control channel structure for multicodeword MIMO

Table 1 An example of DM-RS port indication in NR MIMO
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	2
	0-4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
	2

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,4,5,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
	2

	4
	2
	1
	1
	4-31
	reserved
	reserved
	reserved

	5
	2
	2
	1
	
	
	
	

	6
	2
	3
	1
	
	
	
	

	7
	2
	0,1
	1
	
	
	
	

	8
	2
	2,3
	1
	
	
	
	

	9
	2
	0-2
	1
	
	
	
	

	10
	2
	0-3
	1
	
	
	
	

	11
	2
	0,2
	1
	
	
	
	

	12
	2
	0
	2
	
	
	
	

	13
	2
	1
	2
	
	
	
	

	14
	2
	2
	2
	
	
	
	

	15
	2
	3
	2
	
	
	
	

	16
	2
	4
	2
	
	
	
	

	17
	2
	5
	2
	
	
	
	

	18
	2
	6
	2
	
	
	
	

	19
	2
	7
	2
	
	
	
	

	20
	2
	0,1
	2
	
	
	
	

	21
	2
	2,3
	2
	
	
	
	

	22
	2
	4,5
	2
	
	
	
	

	23
	2
	6,7
	2
	
	
	
	

	24
	2
	0,4
	2
	
	
	
	

	25
	2
	2,6
	2
	
	
	
	

	26
	2
	0,1,4
	2
	
	
	
	

	27
	2
	2,3,6
	2
	
	
	
	

	28
	2
	0,1,4,5
	2
	
	
	
	

	29
	2
	2,3,6,7
	2
	
	
	
	

	30
	2
	0,2,4,6
	2
	
	
	
	

	31
	Reserved
	Reserved
	Reserved
	
	
	
	



However, we found that with the existing table UE can’t distinguish if the number of layers transmitted is equal to 1 or 5 (highlighted in yellow), or 1 or 6 (highlighted in green color)  or 2 or 7 (highlighted in magenta) or 1 or 8 (highlighted in red).  This might create a confusion for the UE to decode the PDSCH and eventually resulting in loss of the transmitted PDSCH.  Hence we need to indicate the number of codewords either explicitly or implicitly in the DCI.  In this section we propose three Options to indicate the number of codewords for NR in the DCI.
· Option 1 Explicit indication:  In this option, the separate 1bit field should be introduced to indicate the number of codewords. This will removes the ambiguity while decoding the DCI. However, the DCI overhead is increased by 1 bit. Another method is to change the DM-RS tables such that the UE can differentiate the single codeword and two codeword. That is extend the DM-RS table. Hence in this case too, the DCI overhead is increased.
· Option 2 Implicit Indication by using non-self-decodable LDPC code combination:  In this option, rather than using a separate field for indicating the number of codewords, we can use the properties of LDPC code for self decodability and using a specific combination of MCS, RV and NDI to indicate that second transport block is disabled or not.  In this way, we can eliminate the need of adding an extra bit for indicating the number of codewords.  From the NR LDPC codes designed, we found that 
· Redundancy version 0 (RVO) is self-decodable for  any code rate and modulation scheme
· Redundancy version 1 (RV1) is self-decodable low code rates up to 0.35 and modulation schemes
·  Redundancy version 2 (RV2) is self-decodable low code rates up to 0.35 and modulation schemes
· Redundancy version 4 (RV4) is self-decodable for  any code rate and modulation scheme
That is if the network chooses,  code rate of greater than 0.3, RV is equal to 1 or 2 and NDI equal to 1 (new transmission), then it indicates to the UE that the network is not scheduling the codeword. We use this property to indicate to the UE about the number of codewords.  As an example, if the network sends for the second codeword, MCS2>5, RV2= 1 or 2 and NDI2= 1, then it is an indication to the UE that the network disabled the second codeword and the number of codewords equal to 1.

· Option 3 Implicit Indication by using Reserved Bits in the MCS:   In this option, rather than using a specific combination of MCS, RV and NDI, we simply indicate a reserved combination of MCS2 to indicate that the second transport block is disabled. Similar to Option 2, this technique does not require any additional overhead in the DCI. However, it uses a reserved combination of MCS which can be used for other purposes.   
Table 1: MCS index table 1 for PDSCH
	MCS Index
IMCS
	Modulation Order
 Qm
	Target code Rate x [1024]
R
	Spectral
efficiency

	0
	2
	120
	0.2344

	1
	2
	157
	0.3066

	2
	2
	193
	0.3770

	3
	2
	251
	0.4902

	4
	2
	308
	0.6016

	5
	2
	379
	0.7402

	6
	2
	449
	0.8770

	7
	2
	526
	1.0273

	8
	2
	602
	1.1758

	9
	2
	679
	1.3262

	10
	4
	340
	1.3281

	11
	4
	378
	1.4766

	12
	4
	434
	1.6953

	13
	4
	490
	1.9141

	14
	4
	553
	2.1602

	15
	4
	616
	2.4063

	16
	4
	658
	2.5703

	17
	6
	438
	2.5664

	18
	6
	466
	2.7305

	19
	6
	517
	3.0293

	20
	6
	567
	3.3223

	21
	6
	616
	3.6094

	22
	6
	666
	3.9023

	23
	6
	719
	4.2129

	24
	6
	772
	4.5234

	25
	6
	822
	4.8164

	26
	6
	873
	5.1152

	27
	6
	910
	5.3320

	28
	6
	948
	5.5547

	29
	2
	reserved

	30
	4
	reserved

	31
	6
	reserved




Based on the observations, we prefer Option 2 to indicate the number of codewords. 

Proposal 1: The number of codewords is indicated in the DCI by implicit indication by using non-self-decodable LDPC code combination for the second codeword
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Another issue we discuss in this contribution is the indication of switched transmission in NR multi codeword MIMO.  What we meant by switched transmission is that a transport block mapped to one codeword in one transmission and the same transport block is mapped to another codeword during re-transmissions.  This cases arises in many cases as shown in Table 2.  Table 2 shows the case when the number of layers is greater than 4 (i.e. two transport blocks) during the first transmission (note that this is an example and can be any transmission), and the possible number of layers for the next transmission (subsequent retransmission). Note that P indicates HARQ-ACK, N indicates HARQ-N, OT indicates old transmission, NT indicates a new transmission, ST indicates switched transmission. 
Table 2 Mapping Table when the number of layers for the first transmission is >4
	Transmitted packet
	Retransmitted  packet

	HARQ-ACK for TB1
	HARQ-ACK for TB2
	UE reported Rank
	Scheduled
Rank
	TB1
	TB2

	P
	P
	>4
	>4
	NT
	NT

	P
	F
	>4
	>4
	NT
	OT

	F
	P
	>4
	>4
	   OT
	NT

	F
	F
	>4
	>4
	   OT
	OT


	P
	P
	<=4
	<=4
	NT
	  ----

	P
	F
	<=4
	<=4
	ST                 
	

	F
	P
	<=4
	<=4
	   OT
	-----

	F
	F
	<=4
	<=4
	OT or ST
	




The following observations can be made from the table 1.
1. When the number of layers for the first transmission > 4, the number of layers for re-transmitted packets is greater than 4, say the HARQ-status of first TB is F and second is P, then during retransmissions, the network can reschedule OT and NT for the two TBS.
2. When the number of layers for the first transmission >4, and the number of layers for re-transmitted packets  is greater than 4, say the first TB is P and second TB is F, then the network can reschedule NT and OT during retransmission.
3. When the number of layers for the first transmission > 4, the number of layers for re-transmitted packets is less than 4, say the HARQ-status of first TB is F and second is P, then during retransmissions, the network can reschedule OT for the first TB.
4. When the number of layers for the first transmission > 4, the number of layers for re-transmitted packets is less than 4, say the HARQ-status of first TB is P and second is F, then during retransmissions since there is no mechanism of transmitting the second TB, we propose to introduce switched transmission which are highlighted in yellow.

Similarly Table 4 shows the case when the number of layers for the first transmission is less than 4, and during retransmissions the number of layers is changed to >4. In this case the summary is as 

The following observations can be made from the table 3.
1. When the number of layers for the first transmission <= 4, the number of layers for re-transmitted packets is greater than 4, say  the HARQ-status of first TB is P then during retransmissions,  the network can reschedule NT and NT for the two TBS.
2. When the number of layers for the first transmission <= 4, the number of layers for re-transmitted packets is greater than 4, say  the HARQ-status of first TB is F then during retransmissions,  the network can reschedule OT and NT for the two TBS.
3. When the number of layers for the first transmission <= 4, the number of layers for re-transmitted packets is greater than 4, say  the HARQ-status of first TB is F then during retransmissions,  the network can reschedule NT and ST for the two TBS. This case arises say the CQI of second CW is better than first codeword as highlighted in yellow.
Table  3 Retransmission Mapping Table when the number of layers for the first transmission is <=4
	                                                                  Transmitted 
                                                                       packet
	  Retransmitted packet

	HARQ-ACK for TB1
	UE reported Rank
	Scheduled
Rank
	TB1
	TB2

	P
	<=4
	<=4
	NT
	-----

	F
	<=4
	  <=4
	 OT
	-----

	P
	>4
	<=4
	 NT
	-----


	F
	>4
	 <=4
	OT
	  ----

	P
	>4
	 >4
	   NT
	NT

	F
	>4
	>4
	OT or ----
	NT or ST




It can be observed that we used ST in the tables. What we meant by switched transmission means, the transport block transmitted in one CW (say first), will be transferred to the second CW during retransmissions and vice versa.  However, to indicate to the UE, the following procedure should be applied such that the UE knows the CW switching takes place. 
1. During retransmissions indicating one particular combination of MCS and/or RV , NDI corresponding to the codeword during previous transmissions
For example, say we want to switch codeword 1 to codeword 0, then downlink control channel should indicate say MCS2= 0 and/OR RV2= 1 and /OR NDI=0 will inform the UE that for this transmission the network switches the TB2 codeword (CW2) to codeword 1 and the corresponding MCS is MCS1, RV is RV1, and NDI= NDI1 (which is equal to 0).

Similarly, say if the network wants to switch the transport block transmitted on the first CW (CW1) to the second CW in re transmissions, then it will indicate in the downlink control channel such that MCS1= 0 and/OR RV1 =1 and/OR = 1 will inform the UE that for this transmission the network switches the transport block 1 to the CW 2 and the UE should uses the corresponding MCS2 as MCS, RV2 and RV and NDI=2 (equal to 0) as the NDI for the transport block.
Proposal 2: Specification should support switched transmission when one transport block transmitted on one codeword is remapped to another codeword by using a specific combination of MCS, RV and NDI 

Specification change
The following specification change is expected in TS 38.214.
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In case the higher layer parameter Number-MCS-HARQ-DL-DCI indicates that two codeword transmission is enabled and if both transport blocks are enabled, transport block 1 is mapped to codeword 0 and transport block 2 is mapped to codeword 1. In case one of the transport blocks is disabled as specified in section 5.1.3.2 of, the transport block to codeword mapping is specified according to Table X1
Table X1: Transport block to codeword mapping 
(one transport block enabled).
	transport block 1
	transport block 2
	codeword 0
(enabled)
	codeword 1
(disabled)
	First MCS and/OR RV and/OR NDI 
	Second MCS and/OR RV and/OR NDI

	enabled
	disabled
	transport block 1
	-
	MCS, RV and NDI 
i.e. conventional values

	Unused or particular combination 
Say MCS2 = 0, RV2=1or 3 NDI=1

	disabled
	enabled
	transport block 2
	-
	Unused or particular combination 
Say MCS2 = 0, RV2=1or 3 NDI=1
	MCS, RV and NDI 
i.e. conventional values


	Enabled
	Disabled
	-----------
	transport block 1
	MCS, RV and NDI 
i.e. conventional values

	Unused or particular combination 
Say MCS2 = 29, RV2=1 or 3 NDI=1


Conclusions
In this contribution we outlined our views on the codeword to layer mapping. Based on our observations we recommend
Proposal 1: The number of codewords is indicated in the DCI by implicit indication by using non-self-decodable LDPC code combination for the second codeword
Proposal 2: Specification should support switched transmission when one transport block transmitted on one codeword is remapped to another codeword by using a specific combination of MCS, RV and NDI 
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