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1. Introduction
This document discusses the transport format (MCS) for E-UTRA and its interaction with the new data indicator (NDI), and the redundancy version (RV) fields. It is shown that with a joint coding of MCS field, RV and NDI, one bit can be saved on the DL assignment. Furthermore, the approach also allows the use of the redundancy version RV=0 on retransmissions (allowing selection of systematic bits in the retransmissions, supporting Chase combining), and allowing increased scheduler flexibility. 

Assume that the UE receives a DL assignment with the fields given below (similar to Format 0). The highlighted fields are of interest in this contribution. The table is for illustration purpose only. The actual number of bits for transport format and RSN are under consideration in RAN1.
	Field
	Bits
	 Decisions
	Comments

	Format
	1
	
	UL grant of DL assignment

	RB assignment
	9
	
	

	Transport format (MCS table with 16 entries)
	4
	4-7 from Athens
	

	Retransmission sequence number (RSN)
	2
	1-3 from Athens
	RV + NDI

	TPC
	2
	
	

	Cyclic shift for DMRS
	3
	
	

	Tx antenna selection
	0
	0 or 1
	

	UL index (TDD only)
	0
	
	

	RNTI / CRC
	16
	
	


In this document, it is assumed that the transport format is indicated by a 4-bit MCS field.  The transport block size (TBS) is derived from a lookup table (LUT) based on the 4-bit MCS field and the RB assignment. As an example, Annex A contains for 5MHz case, a lookup table with 16 MCS levels (4-bit MCS field) and 1,2…25 RBs (RB assignment) [1].  Furthermore, we also assumed that RV and NDI are jointly coded in the DL assignment. (In the next section, Option 3 jointly codes the MCS also with RV and NDI.)

When the UE finds a new data indicator (implicitly or explicitly based on how the NDI is jointly coded with the RV and/or MCS), it clears the HARQ buffer and starts decoding the data according to the contents of assignments. After receiving a DL assignment, if a UE wants to decode the data, it first needs to know the transport block size to correctly setup the HARQ buffer. Even after decoding a valid DL assignment, if the UE is unsure about which TBS to use for decoding, the UE should preferably terminate the error quickly by sending an ACK to the eNB. This lost packet can be handled by higher layers. Incorrect TBS corrupts HARQ buffer and consumes unnecessary resources. Thus, the following UE behavior is advisable: If UE is uncertain about the TBS to be used, send ACK.  This is also discussed in [2][3] and references therein.
The next section discusses three ways of using MCS, RV and NDI parameters to find out the TBS after receiving a DL assignment. 

2. TBS Computation
Option 1 (similar to R1-080072) :  (Total six bits  = 2-bit RV+NDI, 4-bit MCS)
On every DL assignment (irrespective of RV and NDI), the UE finds the TBS using a lookup table (LUT) indexed by the MCS and RB assignment. (Thus, the TBS size is available for consistency checks to reduce falsing.). For example, in Annex A (5 MHz case), there are 16 MCS x 25 RBs = 400 entries in the LUT [1]. Thus, the eNB is constrained to use one of the 400 possible combinations of the TBS, MCS and RB assignment in the LUT. The eNB uses a joint 2-bit NDI+RV table (referred to as NDRVI table) to start a packet transmission. In other words, the eNB always sends NDRVI=00 in the first DL assignment for a new packet. (This allows the UE to treat NDRVI as new data).
	2-bit NDRVI
	New data
	RV

	00
	Yes
	0

	01
	No
	1

	10
	No
	2

	11
	No
	3


The UE behavior (or interpretation of the NDRVI) depends on the UE state. Consider, for example, the UE misses a first DL grant containing NDRVI=00, and a DTX ->NACK error occurs; the eNB sends the next NDRVI (01, 10, or 11). In this case, even though UE has not received NDRVI=00, it knows the TBS of current transmission (using LUT, MCS and RB assignment) and hence it can start potentially decode this “new” packet on a non-zero NDRVI. 

In another case, if the UE ACKed the previous packet, it can start decoding data on the next valid assignment as a “new” data irrespective of NDRVI field. (If for the previous packet an ACK -> NACK or ACK -> DTX error occured, the UE would decode a duplicate of the previous packet.)
The eNB has very limited flexibility in changing the modulation or coding rate on retransmissions since the TBS is tied to the MCS and RB assignment on retransmissions also. For, e.g., in the 5 MHz example, the eNB can use the TBS = 11000 with only one configuration MCS=64-QAM, r=0.6626, and 21 RBs. It may not be possible to change #RBs or modulation on retransmissions.
Option 2 (similar to HSDPA) :  (Total six bits  = 2-bit RV, 4-bit MCS)
In this approach, when the DL assignment contains new data (decoded from the new data indicator based on a joint NDRVI coding), the UE finds the TBS using a lookup table (LUT) indexed by the MCS and RB assignment,  for example, using the LUT in Annex A, (5 MHz case)  [1]. In other words, if new data is present, only then the TBS is computed.
When the DL assignment contains old data (i.e., a retransmission, again decoded based on the joint NDRVI coding), the 4-bit MCS field in the assignment is interpreted differently. For instance, three states of the total 16 states MCS field can be set to tell the UE that it has to use a previously used TBS with one of the three modulation symbols (QPSK, 16QAM, 64QAM). This provides additional flexibility during retransmissions. Thus, the UE simply needs the modulation symbol information from the 4-bit MCS field. 
As in Option 1, the eNB uses the following 2-bit NDRVI table to start a packet transmission.
	2-bit NDRVI
	New data
	RV

	00
	Yes
	0

	01
	No
	1

	10
	No
	2

	11
	No
	3


It will need to implement some sort of ‘lost assignment’ detection at eNodeB. If eNB believes the assignment was lost, it can repeat the DL assignment with 2-bit NDRVI=00.

There is a problem with a lost DL assignment containing NDRVI=00 (Prob = 10-2 ) and no/poor lost assignment detection at eNB (e.g., 50% DTX ->NACK error). If the UE receives one of the three MCS states with NDRVI(00, it implies a 5(10-3 chance of bad result as follows-
1) Having no recent NDRVI=00 transmission, UE does not know what to do. It is better if the UE just sends ACK (lost packet). Same response is suggested in [2][3].
2) Use TBS from a previous packet transmission which will likely not decode, resulting in NACK and corrupted buffer. It is better if the UE just sends ACK (lost packet). Same response is suggested in [2][3].
Following is a variant mixing methods 1 and 2 
· More than three states in MCS field on NDRVI(00 can be used advantageously. For example, three states are used to say follow the TBS of RV0, with QPSK or 16QAM or 64QAM and remaining 13 states say compute TBS according to RB assignment and MCS. This requires two different 4-bit MCS field tables: one for NDRVI=00 (16 MCS entries) and one for NDRVI(00 (3 entries follow NDRVI=00, 13 entries MCS). So, when eNB suspects (but is not very sure) the UE may have lost DL assignment with NDRVI=00, it can choose to send NDRVI(00 with one of the 13 MCS states to allow the UE to decode the TBS correctly.  In this case the UE can potentially start decoding “new” data on NDRVI(00.
Option  3  (Save one bit):  (Total 5 bits  = Joint coding of NDI, RV, MCS)
This approach is similar to the joint coding approach discussed in [2]. Here, the DL assignment contains a new data indicator that is jointly coded with RV and MCS. The UE needs to compute the TBS only when the new data indicator is present. 

The approach is as follows – of the 5-bit joint MCS-NDRVI field, the first bit b4 = 0 ( new data and uses RV=0, and the remaining 4-bits index the 16-MCS levels. The TBS is found using a lookup table (LUT) indexed by the MCS and RB assignment as in the previous two options. 

If b4 = 1, then the UE knows it is old data (a retransmission) and it follows the TBS computed from previous ”new” data (b4 = 0 assignment); the remaining 4-bits are used to index the four RVs (=0,1,2,3) and three modulations ( 12 choices. With this approach, one advantage is more flexibility (Modulation  selection and RB assignment) on retransmissions. More importantly, it can save 1 bit on grant. This approach also allows the use of the redundancy version RV=0 on retransmissions (allowing selection of systematic bits in the retransmissions, supporting Chase combining), and hence leading to increased scheduler flexibility. 

In terms of the UE behavior, it needs lost assignment detection at the eNB to appropriately configure the next DL assignment.  The main issue is that if eNB think assignment was lost, it must start over with b4 = 0. The UE cannot start decoding a new packet on b4 (0. When the UE is looking for the new data indicator in the DL assignment (e.g., after it sent an ACK for previous packet), and it receives an assignment with old packet, it sends an ACK to quickly terminate the error case. The UE behavior is similar to that in [2][3] and references therein.

Annex B contains an example of the 5-bit table with some reserved entries. 
3. Discussion
If additional flexibility on retransmissions ( RB assignment and modulation change) is not desired then Option (1) can be used. If additional flexibility on retransmissions is desired, then the options in (2) or (3) can be used at cost of implementing lost assignment detection at eNodeB. The option (2) can be used to sometimes (depending on scheduler preferences and lost assignment detection reliability) to start decoding on NDRVI(00. An advantage of Option 3 is that it uses joint coding of the transport format (MCS), NDI and RV to save 1 bit on grant.  Similar analysis of the signaling optimization with joint coding of different fields can be considered for other grant types on both uplink and downlink.
4. Conclusions
This document discussed the transport format for E-UTRA and its interaction with the new data indicator (NDI), and the redundancy version (RV) fields. It was found that with a joint coding of MCS, RV and NDI, one bit can be saved on the DL assignment. Furthermore, the approach also allows the use of the redundancy version RV=0 on retransmissions (allowing selection of systematic bits in the retransmissions, supporting Chase combining) and allowing increased scheduler flexibility. 
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ANNEX A

MCS Table for Subframe Configuration (2 TX Antennas, n=2) for 5MHz
Below is 16x25 MCS table for the reference subframe configuration (2 TX antennas, n=2).  The 400 entries are populated by 136 disinct transport block sizes (TBS) from TBS3 below. From [1].
TBS3(25RB)  ={64 88 112 128 144 168 176 184 208 224 232 248 264 280 312 336 352 376 384 408 424 440 448 464 504 520 552 584 616 648 664 680 696 744 760 808 840 888 920 1000 1032 1128 1160 1288 1320 1384 1480 1512 1576 1640 1768 1864 1896 1960 2088 2216 2344 2600 2664 2792 2920 3048 3112 3240 3368 3496 3624 3752 3880 4072 4136 4200 4456 4520 4712 4840 4904 5224 5288 5608 5736 5864 6264 6328 6456 6520 6776 7032 7160 7288 7608 7736 7864 8184 8376 8440 8696 8824 8888 9080 9144 9400 9784 9848 9976 10424 10488 10552 11000 11128 11256 11512 11768 11960 12024 12384 12576 12640 12896 13024 13088 13344 13536 13664 14048 14112 14304 14688 14752 15008 15456 15648 16160 16288 16864 17568 }
[image: image1.png]MS__ |Target CR| 1RB 2RB 3RB 4RB 5RB 6 RB 7RB 8RB 9RB
QPSK 02364 64 102424| 128 02424| 184 02323| 248 02348| 312 02364| 376 0.2374| 440 02381| 504 02386 552 02323
QPSK 0.3333 88 03333| 176 03333 264 03333| 352 03333 440 03333| 520 0.3283| 616 03333 696 0.3295| 808 0.3401
QPSK 0.4242 112 04242 224 04242| 336 04242| 448 04242| 552 04182| 664 0.4192| 760 04113| 888 0.4205| 1000 0.4209
QPSK 0.5333 144 1 05455| 280 05303| 424 05354| 552 05227| 696 05273| 840 0.5303| 1000 05411| 1128 0.5341| 1288 0.5421
QPSK 06424 168 06364| 336 06364| 504 06364| 680 06439 840 06364| 1032 06515 1160 06277| 1384 0.6553| 1512 06364
QPSK 07758 | 208 07879| 408 0.7727| 616 07778| 808 0.7652| 1032 0.7818| 1288 0.8131| 1480 0.8009| 1640 0.7765| 1864 0.7845
16QAM | 0.4364 232 1 04394| 464 04394| 696 04394| 920 04356| 1160 04394 | 1384 0.4369| 1640 04437| 1864 0.4413| 2088 04394
16QAM | 05333 | 280 0.5303| 552 05227| 840 0.5303| 1128 0.5341| 1384 0.5242| 1640 0.5177| 1960 0.5303| 2216 0.5246| 2600 0.5471
16QAM | 0.6303 336 06364| 664 06288| 1000 06313| 1320 0625 | 1640 0.6212| 1960 06187 | 2344 0.6342| 2664 0.6307| 3048 06414
16QAM | 0.7152 376 | 0.7121| 744 0.7045| 1128 0.7121| 1480 0.7008| 1864 0.7061| 2216 0.6995| 2664 0.7208| 3048 0.7216| 3368 0.7088
B64QAM | 0.4848 384 04848| 760 04798| 1160 04882| 1512 0.4773| 1896 0.4788| 2344 04933| 2600 0469 | 3112 04912| 3496 0.4905
B64QAM | 05657 | 448 0.5657| 888 0.5606| 1320 0.5556| 1768 0.5581| 2216 0.5596| 2600 0.5471| 3112 05613 | 3624 0572 | 4072 05713
B64QAM | 0.6626 520 0.6566| 1032 06515| 1576 0.6633| 2088 0.6591| 2600 0.6566| 3112 0.6549| 3624 0.6537| 4200 0.6629| 4712 06611
B64QAM | 0.7434 584 | 0.7374| 1160 0.7323| 1768 0.7441| 2344 07399 2920 0.7374| 3496 0.7357| 4072 0.7345| 4712 0.7437| 5288 0.7419
64QAM | 0.8242 648 1 0.8182| 1320 0.8333| 1960 0.8249| 2600 0.8207| 3240 0.8182| 3880 0.8165| 4520 0.8153| 5224 ' 0.8245| 5864 0.8227
64QAM | 08889 | 696 0.8788| 1384 0.8737| 2088 0.8788| 2792 0.8813| 3496 0.8828| 4200 0.8838| 4904 0.8846| 5608 0.8851| 6328 0.8878





[image: image2.png]MS__ |Target CR| 10 RB 11 RB 12 RB 13 RB 14 RB 15 RB 16 RB 17 RB
QPSK 02364 616 02333| 680 02342| 744 02348| 808 0.2354| 888 02403| 920 0.2323| 1000 0.2367| 1032 0.2299
QPSK 03333 | 888 0.3364| 1000 0.3444| 1032 0.3258| 1128 0.3287| 1288 0.3485| 1320 0.3333| 1384 0.3277| 1480 0.3298
QPSK 04242 | 1128 04273| 1288 0.4435| 1320 04167| 1480 04312 1576 0.4264| 1640 04141| 1768 0.4186| 1896 04225
QPSK 05333 | 1384 05242| 1576 0.5427| 1640 0.5177| 1864 0.5431| 1960 05303 | 2088 05273 | 2216 0.5246| 2344 05223
QPSK 06424 | 1640 06212| 1864 0.6419| 2088 0.6591| 2216 06457 | 2344 0.6342| 2600 06566| 2664 0.6307| 2920 0.6506
QPSK 07758 | 2088 0.7909| 2216 0.7631| 2344 0.7399| 2664 0.7762| 2920 0.79 | 3048 0.7697| 3240 0767 | 3496 0.779
16QAM | 0.4364 | 2344 0.4439| 2600 0.4477| 2792 0.4407| 3048 0.4441| 3240 0.4383| 3496 04414| 3624 0429 | 3880 04323
16QAM | 0.5333 | 2792 0.5288| 3112 05358| 3368 0.5316| 3624 0.528 | 3880 0.5249| 4200 0.5303| 4520 0.535 | 4840 0.5392
16QAM | 0.6303 | 3368 0.6379| 3624 0624 | 4072 0.6427| 4200 06119| 4712 0.6374| 4904 06192| 5288 0.6259| 5608 0.6248
16QAM | 0.7152 | 3752 0.7106| 4136 0.7121| 4456 0.7033| 4840 0.7051| 5224 0.7067| 5608 0.7081| 5864 0.6941| 6456 0.7193
B64QAM | 0.4848 | 3880 0.4899| 4200 0.4821| 4520 0.4756| 4904 04763 | 5288 0.4769| 5736 0.4828| 6264 04943 | 6520 0.4843
B64QAM | 0.5657 | 4520 0.5707| 4904 05629 | 5288 0.5564| 5864 0.5695| 6264 0.5649| 6776 0.5704| 7160 0.565 | 7608 0.5651
B64QAM | 06626 | 5224 0.6596| 5736 06584 | 6328 0.6658| 6776 0.6581| 7288 0.6573| 7864 0662 | 8376 0661 | 8888 0.6601
B64QAM | 0.7434 | 5864 0.7404| 6456 0.741 | 7032 0.7399| 7608 0.7389| 8184 0.7381| 8824 0.7428| 9400 0.7418| 9976 0.7409
64QAM | 0.8242 | 6520 0.8232| 7160 0.8219| 7864 0.8274| 8440 0.8197| 9144 0.8247| 9784 0.8236| 10424 0.8226| 11128 0.8265
64QAM | 08889 | 7032 0.8879| 7736 0.888 | 8440 0888 | 9144 0.8881| 9848 0.8882| 10552 0.8882| 11256 0.8883| 11960 0.8883





[image: image3.png]MS__ |Target CR| 18 RB 19 RB 20 RB 21RB 22 RB 23 RB 24 RB 25 RB
QPSK 02364 | 1128 02374| 1160 0.2313| 1288 0.2439| 1320 0.2381| 1384 0.2383| 1480 02437 1512 0.2386| 1576 0.2388
QPSK 03333 | 1576 0.3316| 1640 0327 | 1768 0.3348| 1864 0.3362| 1960 0.3375| 1960 0.3228| 2088 0.3295| 2216 0.3358
QPSK 04242 | 1960 04125| 2088 0.4163| 2216 04197 | 2344 0.4228| 2344 0.4036| 2600 04282| 2664 04205| 2792 0423
QPSK 05333 | 2600 0.5471| 2664 0.5311| 2792 0.5288| 2920 0.5267| 3112 0.5358| 3240 05336 3368 0.5316| 3496 05297
QPSK 06424 | 3048 06414 | 3240 0.6459| 3368 06379| 3624 0.6537| 3752 0.646 | 3880 0639 | 4072 0.6427| 4200 06364
QPSK 07758 | 3624 0.7626| 3880 0.7735| 4072 0.7712| 4200 0.7576| 4520 0.7782| 4712 0776 | 4904 0774 | 5224 0.7915
16QAM | 0.4364 | 4136 0.4352| 4456 0.4442| 4520 0428 | 4840 04365| 5224 0.4497| 5288 0.4354| 5608 0.4426| 5736 04345
16QAM | 0.5333 | 5224 0.5497| 5288 0.5271| 5608 0.5311| 5864 0.5289| 6264 0.5393| 6456 0.5316| 6776 0.5347| 7032 0.5327
16QAM | 06303 | 5864 0617 | 6328 06308| 6776 0.6417| 7032 06342| 7288 0.6274| 7608 06265| 7864 0.6206| 8376 0.6345
16QAM | 0.7152 | 6776 0713 | 7160 0.7137| 7608 0.7205| 7864 0.7092| 8376 0.7211| 8696 0.7161| 9080 0.7165| 9400 0.7121
B64QAM | 0.4848 | 7032 0.4933| 7288 04843 | 7736 0.4884| 8184 04921| 8440 0.4844| 8824 04844| 9144 04811 9784 04941
B64QAM | 0.5657 | 8184 0.5741| 8440 05609 | 8888 0.5611| 9400 0.5652| 9848 0.5652| 10424 0.5722| 10552 0.5551| 11256 0.5685
B64QAM | 06626 | 9400 0.6594| 9976 0.6629| 10488 0.6621| 11000 0.6614| 11512 0.6607 | 12024 0.6601| 12576 0.6616| 13088 0.661
64QAM | 0.7434 | 10552 0.7402| 11128 0.7395| 11768 0.7429| 12384 0.7446| 12896 0.7401| 13536 0.7431| 14112 0.7424| 14688 0.7418
64QAM | 0.8242 | 11768 0.8255| 12384 0.823 | 13024 0.8222| 13664 0.8215| 14304 0.8209| 15008 0.8239| 15648 0.8232| 16288 0.8226
64QAM | 08889 | 12640 0.8866| 13344 0.8868| 14048 0.8869| 14752 0.887 | 15456 0.8871| 16160 0.8871| 16864 0.8872| 17568 0.8873





ANNEX B

Below is an example of a 5-bit joint MCS + RV + NDI table. With four reserved entries, can use all four RVs on retransmissions, and the coding is such that b4 acts as a New Data Indicator (NDI). 
	index
	b4
	b3
	b2
	b1
	b0
	New Data?
	RV
	MCS or MS
	Comment

	0
	0
	0
	0
	0
	0
	Yes
	0
	MCS0
	New Transmission
Compute TBS from

MCS + RB assignment

	1
	0
	0
	0
	0
	1
	Yes
	0
	MCS1
	

	2
	0
	0
	0
	1
	0
	Yes
	0
	MCS2
	

	3
	0
	0
	0
	1
	1
	Yes
	0
	MCS3
	

	4
	0
	0
	1
	0
	0
	Yes
	0
	MCS4
	

	5
	0
	0
	1
	0
	1
	Yes
	0
	MCS5
	

	6
	0
	0
	1
	1
	0
	Yes
	0
	MCS6
	

	7
	0
	0
	1
	1
	1
	Yes
	0
	MCS7
	

	8
	0
	1
	0
	0
	0
	Yes
	0
	MCS8
	

	9
	0
	1
	0
	0
	1
	Yes
	0
	MCS9
	

	10
	0
	1
	0
	1
	0
	Yes
	0
	MCS10
	

	11
	0
	1
	0
	1
	1
	Yes
	0
	MCS11
	

	12
	0
	1
	1
	0
	0
	Yes
	0
	MCS12
	

	13
	0
	1
	1
	0
	1
	Yes
	0
	MCS13
	

	14
	0
	1
	1
	1
	0
	Yes
	0
	MCS14
	

	15
	0
	1
	1
	1
	1
	Yes
	0
	MCS15
	

	16
	1
	0
	0
	0
	0
	No
	0
	QPSK
	Retransmission
(Use TBS for current 

packet)

	17
	1
	0
	0
	0
	1
	No
	0
	16QAM
	

	18
	1
	0
	0
	1
	0
	No
	0
	64QAM
	

	19
	1
	0
	0
	1
	1
	No
	1
	QPSK
	

	20
	1
	0
	1
	0
	0
	No
	1
	16QAM
	

	21
	1
	0
	1
	0
	1
	No
	1
	64QAM
	

	22
	1
	0
	1
	1
	0
	No
	2
	QPSK
	

	23
	1
	0
	1
	1
	1
	No
	2
	16QAM
	

	24
	1
	1
	0
	0
	0
	No
	2
	64QAM
	

	25
	1
	1
	0
	0
	1
	No
	3
	QPSK
	

	26
	1
	1
	0
	1
	0
	No
	3
	16QAM
	

	27
	1
	1
	0
	1
	1
	No
	3
	64QAM
	

	28
	1
	1
	1
	0
	0
	Reserved
	Reserved
	Reserved
	

	29
	1
	1
	1
	0
	1
	Reserved
	Reserved
	Reserved
	

	30
	1
	1
	1
	1
	0
	Reserved
	Reserved
	Reserved
	

	31
	1
	1
	1
	1
	1
	Reserved
	Reserved
	Reserved
	

























































































































































































































































































































































































PAGE  










  Page 1 of 6

