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1. Introduction
Rel-16 MTC WID [1] has an objective to enhance the scheduling operation:  
· Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]

· Enhancement of SPS can be discussed.

This contribution studied the following multi transport block grants (MTBG) topics:
· Number of TBs to schedule

· Indication of # of TBs, HARQ ID and NDI

· HARQ IDs for re-scheduling

· Limit MCS choices

· Limit Resource choices

· Example UL grant designs

· Joint coding 

· GAP Configuration

· Scheduling of Repetitions

· Gap for earl termination
2. Number of TBs to Schedule
A major decision that needs to be made is the maximum number of TBs to schedule. The following agreement was made last meeting:

· For unicast, select option(s) from the following options

· Option 1: Scheduling of up to 8 TBs is supported with a single DCI design.

· Target for up to 6 bits overhead increase compared to legacy DCI

· Option 2: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {1, 2, [4], 8} in a UE specific manner. 

· The design methodology for the DCI for different maximum number of TBs is further studied 

· For the 2 TB case, target for up to 3 bits overhead increase compared to legacy DCI

· Note: Option 2 will require modification on existing agreement

Section 7 shows some example UL Grant designs. The summary is:

    Mode A:
· Max 8 TBs with no scheduling restrictions => + 7 bit

· Max 4 TB with no scheduling restrictions =>  + 1 bit 

· Max 8 TB with reduced TBS and PRB location choices=> + 1 bit

    Mode B:

· 4 TB no scheduling restrictions => + 3 bit

· 4 TB Reduced TBS and PRB location => + 1 bit

From above the following observation can be made:
Observation 1: There is no need to support a MTBG scheduling maximum 2 TB as the maximum 4 TB case only adds 1 bit with full (legacy) scheduling flexibility.

Observation 2: Limiting TBS and PRB location choices can significantly reduce DCI size

Based on the above information the following proposal is made:

Proposal 1:   For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A is RRC configured for UL and DL within the set {4, 8} in a UE specific manner. 

· The above agreement reverts the following agreement made in RAN1#94bis

· “The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]”

· For the maximum 8 TBs schedule case, the MCS and PRB location choices are limited compared to legacy operation 
· FFS number of MCS and PRB location choices

· FFS whether MCS and PRB locations choices are fixed or configured via RRC
3. Indication of # of TBs, HARQ ID, and NDI

The following agreements were made last meeting:

In RAN1#98bis, select one of the following options for unicast in CE mode A

For the purpose indicating the number of TBs

· Option 1: 1 bit is added to the DCI to indicate 1 TB or multiple TBs

· FFS: Details on how to indicate the exact number of TBs in case it is multiple

· Option 2: A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs

· FFS: Details on how to indicate the exact number of TBs in case it is multiple

· Option 3: 1 bit is added to the DCI to indicate one of the following:

· Up to 4 TBs are scheduled 

· In which case, a bit map is used to indicate details

· Up to 8 TBs are scheduled

· In which case, a table is used to indicate details

In RAN1#98bis, select one of the following options for unicast in CE mode B
For the purpose indicating the number of TBs
· Option 1: 1 bit is added to the DCI to indicate 1 TB or multiple TBs

· FFS: Details on how to indicate the exact number of TBs in case it is multiple

· Option 2: A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs

· FFS: Details on how to indicate the exact number of TBs in case it is multiple

· Option 3: 1 bit is added to the DCI to indicate mixed(initial and retransmission) scheduling and non-mixed scheduling

· Depending on whether it is mixed or non-mixed scheduling, UE interpretes the field indicating the number of TBs differently

· FFS: Details

As shown by the examples DCI designs in section 7, option 1 is simple, allows for legacy scheduling flexibility when 1 TB is scheduled, allows RVs to retain legacy functionality when 1 TB is schedule (option 2 does not), and also allows easy eNB and UE implementation since many of the field are unchanged thus option 1 should be selected.  When multiple TBs are scheduled, # of TBs, HARQ IDs and NDI can be joint coded (details of joint coding are in section 8) to save DCI bits. 

Proposal 2:   For CE mode A and B: For the purpose indicating the number of TBs, HARQ IDs, and NDI
· 1 bit is used to indicate if 1 TB or multiple TBs are scheduled
· FFS if a legacy DCI bit (e.g. frequency hopping) is re-purposed or a new bit is added

· When 1 TB is schedule

· Legacy RV, HARQ ID and NDI fields are used
· When multiple TBs are scheduled
·  RV is fixed at zero when no repeats are scheduled and cycles when repeats are scheduled
· Number of TBs, HARQ IDs and NDI fields are joint coded

· FFS: details of joint coding
4. HARQ IDs for rescheduling

The following agreement was made last meeting:

For unicast, at least when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), the allocation of the HARQ processes is downselected from the following options in RAN1#98bis

· Option 1: Contiguous allocation of any starting HARQ process #

· FFS: The number of contiguous allocations defined in the DCI

· Option 2: Contiguous allocation of a limited set of HARQ processes

· FFS: The number of contiguous allocations defined in the DCI 

· Option 3: Allocation of any set of HARQ processes

· Option 4: Allocation of a limited set of HARQ processes

· Option 5: Contiguous allocation for mixed(initial+retransmisson) scheduling and non-contiguous allocation for all-initial or all-retx scheduling 

Down selection to be made separately for CE mode A and B

Any HARQ ID schedule restriction should be strongly avoided as this is difficult to implement and cause more control plane overhead. As shown in section 7, a small DCI can be design with full HARQ ID scheduling flexibility so (option 3) so there is no need to restrict scheduling options. 

Proposal 3:   For unicast, when the scheduling with a single DCI includes retransmission(s) 
· Option 3:  Allocation of any set of HARQ processes is supported
5. Limit MCS choices: 

The MCS field for LTE-M in CE mode A is 4 bits or 16 choices to provide a wide range of TB sizes. The eNB should only use a MTBG if there is a sufficiently large number of required bits to transmit or receive, so the MTBG will only be used with large TB sizes.  The MCS options could then be limited to a few of the larger TBS or even limited to just one value where this value(s) would be RRC configured or specified in the standard.

Proposal 4:   When a maximum of 8 TB can be schedule with 1 DCI, limit the MCS options to 2 

· FFS: MCS choices and if configured by RRC or fixed in specification
6. Limit Resource choices:

The narrowband choices should not be limited to allow for support of frequency selective scheduling but since the TBS will be larger for this feature, some of the smaller allocations (e.g. 1 PRB) could be eliminated to save DCI bits because these small PRB allocations do not provide an optimal code rate of 1/3. For example, the # of PRBs could be set at 6 PRBs when no repeats are used, this would provide the best code rate. When repeats are used, three non-overlapping locations of 2 PRBs could be defined, as shown in the table below:
	# of repeats 
	# of PRBs

	<4
	6

	>=4
	Three locations of 2 PRBs


The above example would save 3 bits for CE mode A.
Proposal 5:   When a maximum of 8 TB can be schedule with 1 DCI and for Full PRB allocations, limit the resource field to 4 options 
· FFS: the 4 options and if configured by RRC or fixed in specification
7. Example UL Grant designs

The following section provides some UL grant designs but principals can apply to DL grant designs as well.
7.1. Common principals
All designs do NOT change any of the following DCI fields:

· Flag for UL/DL grant differentiation

· Narrowband index of resource block assignment

· Repetition number  

· TPC command for scheduled PUSCH 

· CSI request

· SRS request

· DCI subframe repetition number

· Modulation order override
Re-purpose Frequency hopping flag as a “MTBG indicator” field where 0 means 1 TB is schedule and 1 means >1 TB is scheduled. 
When 1 TB is scheduled – all fields are the same (i.e. same scheduling flexibility as legacy).

When >1 TB is scheduled, the RV=0 when repeats=1 and RV cycles (same as legacy) when repeats > 1

7.2. 8 TBs Mode A – Full flexibility – adds 7 bits
Note: In addition to the above list, these DCI fields are unchanged for this option:

· PRB Assignment

· MCS Index

When “MTBG indicator” field=0 this means, the grant is for a Single TB, with the following fields:

	Field Name
	Bits
	Description

	RV
	2
	Legacy

	HARQ process #
	3
	Legacy

	New data indicator
	1
	Legacy

	Pad bits
	7
	EXTRA

	Total Bits
	13
	


When “MTBG indicator” field=1 this means, the grant is for a multiple TB, with the following fields:

	Field Name
	Bits
	Description

	RV
	0
	RV=0 for repeats=1 and repeats>1 use RV cycling 

	HARQ Process / NDI 
	13 
	Joint coding

	Total Bits
	13
	


7.3. 4 TB Mode A – Full flexibility – adds 1 bit
Note: these additional DCI fields are unchanged for legacy for this option:

· PRB Assignment

· MCS Index

When “MTBG indicator” field=0 this means, the grant is for a Single TB, with the following fields:

	Field Name
	Bits
	Description

	RV
	2
	Legacy

	HARQ process #
	3
	Legacy

	New data indicator
	1
	Legacy

	Pad bits
	1
	EXTRA

	Total Bits
	7
	


When “MTBG indicator” field=1 this means, the grant is for a multiple TB, with the following fields:

	Field Name
	Bits
	Description

	RV
	0
	RV=0 for repeats=1 and repeats>1 use RV cycling 

	HARQ Process / NDI 
	7 
	Joint coding

	Total Bits
	13
	


7.4. 8 TB Mode A – Reduced MCS and resource options – adds 1 bit
When >1 TB is scheduled, the MCS index options are reduced from 16 to 2 and the PRB location choices are restricted from 32 to 4. 

When “MTBG indicator” field=0 this means, the grant is for a Single TB, with the following fields:

	Field Name
	Bits
	Description

	PRB Assignment
	5
	Legacy

	MCS index
	4 
	Legacy

	RV
	2
	Legacy

	HARQ process #
	3
	Legacy

	New data indicator
	1
	Legacy

	Pad bits
	1
	EXTRA

	Total Bits
	18
	


When “MTBG indicator” field=1 this means, the grant is for a multiple TB, with the following fields:

	Field Name
	Bits
	Description

	PRB Assignment
	2
	PRB locations  FFS: configured by RRC

	MCS Index
	1
	TBS sizes FFS: configured by RRC

	RV
	0
	RV=0 for repeats=1 and repeats>1 use RV cycling 

	HARQ Process / NDI 
	13 
	Joint coding

	Total Bits
	16
	


7.5. 4 TB Mode B – Full Flexibility - adds 3 bits
Note: In addition to the above list, these DCI fields are unchanged for this option:
· PRB Assignment

· MCS Index

When “MTBG indicator” field=0 this means, the grant is for a Single TB grant, with the following legacy fields:

	Field Name
	Bits
	Description

	RV
	2
	Legacy

	HARQ process #
	1
	Legacy

	New Data Indicator
	1
	Legacy

	Pad bits
	3
	EXTRA

	Total Bits
	7
	


When “MTBG indicator” field=1 this means, the grant is for a multiple TB grant, with the following fields:

	Field Name
	Bits
	Description

	RV
	0
	RV cycling starts at 0 

	HARQ Process / NDI 
	7
	Joint coding

	Total Bits
	7
	


7.6. 4 TB Mode B -Reduced MCS and resource options - adds 1 bit

When >1 TB is scheduled, the MCS index options and PRB assignment reduced and would be configured via RRC. 

When “MTBG indicator” field=0 this means, the grant is for a Single TB grant, with the following legacy fields:

	Field Name
	Bits
	Description

	PRB Assignment
	3
	Legacy

	MCS index
	4 
	Legacy

	RV
	2
	Legacy

	HARQ process #
	1
	Legacy

	New Data Indicator
	1
	Legacy

	Pad bits
	1
	EXTRA

	Total Bits
	12
	


When “MTBG indicator” field=1 this means, the grant is for a multiple TB grant, with the following fields:

	Field Name
	Bits
	Description

	PRB Assignment
	2
	4 PRB locations configured by RRC or fixed

	MCS Index
	3
	8 TBS configured by RRC

	RV
	0
	RV cycling starts at 0 

	HARQ Process / NDI 
	7
	Joint coding

	Total Bits
	12
	


8. Joint coding of Number of TBs, HARQ ID, and NDI 

Conventionally, to support 8 HARQ processes, specifying the scheduled HARQ IDs occupies up to 8 bits if a bit mask is used where 1 in the bit mask indicates that HARQ ID is scheduled. Consequently, the NDI field is also 8-bits long, with each NDI bit indicating the status of its corresponding HARQ ID. Therefore, this consumes a total of 16 bits to indicate HARQ IDs and NDIs, which a lot of overhead. Instead, joint coding of the HARQ ID and NDI together will save bits. The saving of bits is because when a specific HARQ ID bit is 0, its corresponding NDI bit is a “don’t care,” i.e., the NDI bit is redundant. This redundancy can be reduced by jointly coding the HARQID and the NDI to obtain a reduction in the total number of bits. 
One way to achieve this joint coding is by using a lookup table that maps each index to a HARQID-NDI. Since there could be up to 8 possible HARQ IDs (1 to 8) and 2 possible NDIs (0 or 1) for each of them, the total number of states is (n=1,2,3,4,5,6,7,8 C(8,n)*2n = 6560 states, where C(8,2) indicates “8 choose 2”. This is impractical to specify, impractical to implement, and introduces a huge storage overhead to save 6560 entries of indexes and HARQID-NDI pairs. 
Observation 3: Using a traditional table to specify the joint coding of scheduled HARQ IDs and the corresponding NDI status will result in an unmanageable and impractical 6560 entry table.
Instead of a traditional table, it is proposed is to use piecewise linear equations, which allow simple encoding and simple decoding. In this method, for any n number of HARQ processes scheduled, a HARQ number, Hm, is generated as 

Hm = HARQ(n)*10^(n-1) – HARQ(n-1)*10^(n-2) + … + HARQ(1)*10^(0),

where the number of possible values of m are C(8,n). For example, if the scheduled HARQ processes are 1, 2, 5, 6, 8, then n=5, and the HARQ number is 

Hm =  1*10^(5-1) + 2*10^(5-2) + 5*10(5-3) + 6*10^(5-4) + 8*10^(5-5) = 12568.

Several linear functions are used to generate the indexes corresponding to a HARQ IDs and NDI values.  This will result in a table of slope and intercepts for different index ranges. For example, when the number of HARQs is 2, there are C(8,2)=28 HARQ ID combinations and 2^2=4 NDI values, and therefore a total of 28*4 = 112 possible HARQID combinations  & NDI values. The 28 HARQ IDs consequently produce 28 HARQ numbers, H1, … H28, whose generation procedure was shown earlier. The piecewise linear encoding equations are
Index = Index_min + Hm + 28*NDI_decimal, for Hm = 1 to 7

Index = Index_min + Hm – 4 + 28*NDI_decimal, for Hm = 12 to 17
Index = Index_min + Hm – 9 + 28*NDI_decimal, for Hm = 23 to 27
Index = Index_min + Hm – 15 + 28*NDI_decimal, for Hm = 34 to 37
Index = Index_min + Hm – 22 + 28*NDI_decimal, for Hm = 45 to 47
Index = Index_min + Hm – 30 + 28*NDI_decimal, for Hm = 56 to 57
Index =  Index_min + Hm – 39 + 28*NDI_decimal for Hm = 67
where Index_min = 16 is the minimum index value (i.e. the starting index) minus 1 for #HARQs=2, and NDI_decimal is the decimal value of the 2 bit NDI, i.e., 

NDI_decimal = 0, when NDI = 0 0

NDI_decimal = 1, when NDI = 0 1

NDI_decimal = 2, when NDI = 1 0

NDI_decimal = 3, when NDI = 1 1.

Note that, in the above equations, only one shifting parameter varies in the linear equation pieces, and can therefore be written as a single encoding equation, 

Index = Index_min + Hm – Shift_parameter  + C(8,#HARQs)*NDI_decimal,

with a set of Shift_parameter values specified for every Hm range.
The decoding equation for NDI is

NDI_decimal = floor((Index – Index_min – 1)/C(8,#HARQs)).
Once the NDI_decimal is determined, the HARQ numbers, Hm, and, consequently, the HARQIDs can be extracted from the inverse of the encoding equation shown above. The extraction equation (i.e. the required shifting parameter) is chosen based on the Index generated. 

Note that the encoding and decoding expressions for #HARQs=1 is a special case of the generalized encoding and decoding equations defined for #HARQs=2, with Index_min = 0, Hm = HARQ ID, and Shift_parameter = 0.
Encoding and decoding equations are similarly defined for each of the #HARQ cases with different shifting parameters and Index_min values in each case. The number of piecewise equations required is dependent on the number of jumps seen in the HARQ number, i.e. the number of cases where Hm–Hm-1 > 1. Following are the Index_min values and the shift parameters (SP) used for different ranges of Hm.
For #HARQs = {1, 2, 3, 4, 5, 6, 7, 8}, Index_min = {0, 16, 128, 576, 1696, 3488, 5280, 6304}, and 
	#HARQ = 2
	#HARQs = 3
	#HARQs = 4
	#HARQs = 5
	#HARQs = 6
	#HARQs = 7

	SP
	Hm range
	SP
	Hm range
	SP
	Hm range
	SP
	Hm range
	SP
	Hm range
	SP
	Hm range

	0
	1-7
	11
	12-17
	122
	123-127
	1233
	1234-1237
	12344
	12345-12347
	123455
	123456

	4
	12-17
	16
	23-27
	128
	134-137
	1240
	1245-1247
	12352
	12356-12357
	123455
	123457

	9
	23-27
	22
	34-37
	135
	145-147
	1248
	1256-1257
	12361
	12367
	123464
	123467

	15
	34-37
	29
	45-47
	143
	156-157
	1257
	1267
	12449
	12456-12457
	123562
	123567

	22
	45-47
	37
	56-57
	152
	167
	1334
	1345-1347
	12458
	12467
	124562
	124567

	30
	56-57
	46
	67
	218
	234-237
	1342
	1356-1357
	12557
	12567
	134561
	134567

	39
	67
	101
	123-127
	225
	245-247
	1351
	1367
	13445
	13456-13457
	234560
	234567

	
	
	107
	134-137
	233
	256-257
	1439
	1456-1457
	13454
	13467
	1234559
	1234567

	
	
	114
	145-147
	242
	267
	1448
	1467
	13553
	13567
	
	

	
	
	122
	156-157
	319
	345-347
	1547
	1567
	14552
	14567
	
	

	
	
	131
	167
	327
	356-357
	2324
	2345-2347
	23440
	23456-23457
	
	

	
	
	197
	234-237
	336
	367
	2332
	2356-2357
	23449
	23467
	
	

	
	
	204
	245-247
	424
	456-457
	2341
	2367
	23548
	23567
	
	

	
	
	212
	256-267
	433
	467
	2429
	2456-2457
	24547
	24567
	
	

	
	
	221
	267
	532
	567
	2438
	2467
	34546
	34567
	
	

	
	
	298
	345-347
	1198
	1234-1237
	2537
	2567
	123434
	123456
	
	

	
	
	306
	356-357
	1205
	1245-1247
	3425
	3456-3457
	123434
	123457
	
	

	
	
	315
	367
	1213
	1256-1257
	3434
	3467
	123443
	123467
	
	

	
	
	403
	456-457
	1222
	1267
	3533
	3567
	123542
	123567
	
	

	
	
	412
	467
	1299
	1345-1347
	4532
	4567
	124541
	124567
	
	

	
	
	511
	567
	1307
	1356-1357
	12309
	12345-12347
	134540
	134567
	
	

	
	
	
	
	1316
	1367
	12317
	12356-12357
	234539
	234567
	
	

	
	
	
	
	1404
	1456-1457
	12326
	12367
	
	
	
	

	
	
	
	
	1413
	1467
	12414
	12456-12457
	
	
	
	

	
	
	
	
	1512
	1567
	12423
	12467
	
	
	
	

	
	
	
	
	2289
	2345-2347
	12522
	12567
	
	
	
	

	
	
	
	
	2297
	2356-2367
	13410
	13456-13457
	
	
	
	

	
	
	
	
	2306
	2367
	13419
	13467
	
	
	
	

	
	
	
	
	2394
	2456-2457
	13518
	13567
	
	
	
	

	
	
	
	
	2403
	2467
	14517
	14567
	
	
	
	

	
	
	
	
	2502
	2567
	23405
	23456-23457
	
	
	
	

	
	
	
	
	3390
	3456-3457
	23414
	23467
	
	
	
	

	
	
	
	
	3399
	3467
	23513
	23567
	
	
	
	

	
	
	
	
	3498
	3567
	23512
	24567
	
	
	
	

	
	
	
	
	4497
	4567
	34511
	34567
	
	
	
	


For the cases of #HARQs = 1 and #HARQs = 8, SP = 0 and SP = 1234566, respectively.
A final point of note is that when the decoded Hm contains one lesser number of digits than the #HARQs for that index range, it automatically means that the first digit is a 0 (which is not reflected in the decimal number of Hm.).
Given how simple the above table is to implement and specify, the following proposal is made:

Proposal 6:   Use a set of piecewise linear equations to specify the jointly encoding of the scheduled HARQ IDs and corresponding NDI values to the  index.

9. GAP Configuration 
Issue:  The following WA was made at RAN1 #97:

For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI]

· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs

· FFS: Details on the scheduling gap such as duration, applicability, etc

How the scheduling gap is configured is an open issue.

Discussion:  Care must be taken to ensure the DCI size doesn’t grow too large to support this option. Gaps are not used then no additional DCI bits should be used thus the following proposals are made:

Proposal 7:   Scheduling multiple TB with gaps is enabled and disabled by RRC signalling.

Proposal 8:   When multiple TBs are scheduled by one DCI, a Gap Configuration Field is present in the DCI only when scheduling multiple TB with gaps is enabled by RRC signalling

The Gap Configuration field size should not be too large, but more gap configurations will improve scheduling flexibility. To support many GAP configurations without increasing DCI size, RRC signalling can be used to define [4] DCI gap configurations from a larger set of [16] of gap configurations. 

Proposal 9:   The DCI Gap Configuration Field is 1 bit long and indicates one of two possible Gap Configurations where RRC signaling defines the corresponding gap configurations.

· FFS: the set of possible gap configurations
10. Scheduling of Repetitions Design 

At the RAN1 meeting #96, it was agreed that repetitions be schedule both contiguously and interleaved:

Support option 3 from below
For the case of single DCI scheduling multiple transport blocks with repetitions, scheduling of transport blocks repetitions is down selected between:

· Option 1: All the repetitions for one transport block are contiguously scheduled in valid UL/DL subframes

· Option 2: The repetitions for one transport block are interleaved with repetitions of all the other transport blocks

· Option 3: Option 1 and 2 are supported and eNB configures among them

Above applies for unicast only.

Issue #1: When interleaving is enabled, how often should the TB be changed is an open issue.  The following figure show an example of 4 TB with 8 repeats with switching TB every SF and switching every 4 SF. 
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Figure 1. Interleaving every SF and every 4th SF

Since the analysis highly depends on if RV cyclic repetition is supported, the discussion for CE mode A and CE mode B is taken separately. 

CE Mode A Discussion: 

For CE mode A, the discussion is straight forward because RV cyclic repetition is not supported.  As seen from figure 1 above, switching the TB every SF has two advantages: more time diversity and more RVs are sent which improves the code rate. 

Proposal 10:   For full PRB transmissions in CE Mode A, when multiple TBs with repetitions and interleaving are scheduled by one DCI, the TB changes every TTI. 

CE Mode B Discussion:

For CE mode B, the discussion is more difficult because RV cyclic repetition is supported. With RV cyclic repetition, the RV is changed every 4th (Nacc=4) absolute subframes when mod(SF,4)=0. Frequency hopping also occurs when the RV changes. This creates partial RV patterns when the TB doesn’t start on a SF where mod(SF,4)=0. For example, even without interleaving, the following complex RV pattern would result for 16 repeats with 2 TBs:
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	Figure 2.  Non-Interleaving with Cyclic Repetition and Frequency Hopping


Note: only one copy of RV0 is sent before it switched to RV2 in SF8 then the remain three RV0 are sent in SF20-22. 

To support frequency hopping and cyclic repetition with interleaving, the TB should only be changed when the RV changes.  For example, the figure below shows an example where the TB is changed when RV changes (i.e. when mod(SF,4) =0):
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	Figure 3. TB changes every mod(SF,4) = 0 


The above supports RV cyclic repetition but degrades frequency hopping because the TBs are always transmitted on the same frequency. To fix this, the TB could be changed every 2nd RV change, as shown below:
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	Figure 4. TB changes every 2nd mod(SF,4) = 0


However, changing TB every 2nd mod(SF,4) = 0 provides a bit less time diversity than changing every mod(SF,4) = 0 so having the TB change at every 2nd mod(SF,4) = 0 would reduce the performance when frequency hopping is NOT enabled. Note: PDSCH can support frequency hopping up to 4 narrowbands where PUSCH only supports up to 2 narrowbands. When FH is across 4 NB, to optimize frequency diversity, the TB should only be changed every 4th mod(SF,4) = 0 but this would limit time diversity.  One solution is to leave it up to eNB implementation whether frequency or time diversity be prioritized so the TB switching could be configurable. 

Proposal 11:   For full PRB transmissions in CE Mode B, when multiple TBs with repetitions and interleaving are scheduled by one DCI, the TB changes when mod(SF,4*X)=0 where X can be 1,2, or 4 and is configured by RRC signalling. 

Note: RV cyclic repetition is not supported with sub-PRB transmissions. 

11. Gap for early termination

The following area for study/discussion was identified:
· For unicast, discuss whether the use of scheduling gaps can be used to allow early termination of an ongoing (multi-TB) uplink transmission.
Supporting early termination for HD-FDD UEs could be good for UE power consumption and network resource utilization thus we should strive to complete this, if there is time.

Proposal 12:   Strive to support early termination for HD-FDD UEs in the scheduling gaps
12. Conclusions
Observation 4: There is no need to support a MTBG scheduling maximum 2 TB as the maximum 4 TB case only adds 1 bit with full (legacy) scheduling flexibility.

Observation 5: Limiting TBS and PRB location choices can significantly reduce DCI size

Proposal 13:   For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A is RRC configured for UL and DL within the set {4, 8} in a UE specific manner. 

· The above agreement reverts the following agreement made in RAN1#94bis

· “The maximum number of scheduled transport blocks with one single DCI for CE mode A for either UL or DL is fixed to [8]”

· For the maximum 8 TBs schedule case, the MCS and PRB location choices are limited compared to legacy operation 
· FFS number of MCS and PRB location choices

· FFS whether MCS and PRB locations choices are fixed or configured via RRC

Proposal 14:   For CE mode A and B: For the purpose indicating the number of TBs, HARQ IDs, and NDI
· 1 bit is used to indicate if 1 TB or multiple TBs are scheduled

· FFS if a legacy DCI bit (e.g. frequency hopping) is re-purposed or a new bit is added

· When 1 TB is schedule

· Legacy RV, HARQ ID and NDI fields are used
· When multiple TBs are scheduled

·  RV is fixed at zero when no repeats are scheduled and cycles when repeats are scheduled

· Number of TBs, HARQ IDs and NDI fields are joint coded

· FFS: details of joint coding
Proposal 15:   For unicast, when the scheduling with a single DCI includes retransmission(s) 
· Option 3:  Allocation of any set of HARQ processes is supported
Proposal 16:   When a maximum of 8 TB can be schedule with 1 DCI, limit the MCS options to 2 

· FFS: MCS choices and if configured by RRC or fixed in specification
Proposal 17:   When a maximum of 8 TB can be schedule with 1 DCI and for Full PRB allocations, limit the resource field to 4 options 
· FFS: the 4 options and if configured by RRC or fixed in specification
Observation 6: Using a traditional table to specify the joint coding of scheduled HARQ IDs and the corresponding NDI status will result in an unmanageable and impractical 6560 entry table.
Proposal 18:   Use a set of piecewise linear equations to specify the jointly encoding of the scheduled HARQ IDs and corresponding NDI values to the  index.

Proposal 19:   Scheduling multiple TB with gaps is enabled and disabled by RRC signalling.

Proposal 20:   When multiple TBs are scheduled by one DCI, a Gap Configuration Field is present in the DCI only when scheduling multiple TB with gaps is enabled by RRC signalling

Proposal 21:   The DCI Gap Configuration Field is 1 bit long and indicates one of two possible Gap Configurations where RRC signaling defines the corresponding gap configurations.

· FFS: the set of possible gap configurations
Proposal 22:   For full PRB transmissions in CE Mode A, when multiple TBs with repetitions and interleaving are scheduled by one DCI, the TB changes every TTI. 

Proposal 23:   For full PRB transmissions in CE Mode B, when multiple TBs with repetitions and interleaving are scheduled by one DCI, the TB changes when mod(SF,4*X)=0 where X can be 1,2, or 4 and is configured by RRC signalling. 

Proposal 24:   Strive to support early termination for HD-FDD UEs in the scheduling gaps
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