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1 Issue #1: HARQ-ACK bundling
In RAN1#99, the following agreement was reached:
Agreement [36.212, 36.213]
For UEs that support multi-TB scheduling with HARQ-ACK bundling, the bundling is enabled/disabled/configured by RRC and the actual bundle size is indicated by DCI

This agreement is captured in TS 36.213 and TS 36.212 as follows:

TS 36.213:
For a BL/CE UE, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter multi-TB-DL-HARQ-bundling and multiple TB are scheduled in the corresponding DCI format 6-1A with CRC scrambled by C-RNTI,






-	for HARQ-ACK transmission associated with the corresponding DCI, the UE shall generate  HARQ-ACK bits by performing a logical AND operation of HARQ-ACKs across all  TBs in each TB bundle , ,  with 


-	the value of is the number of scheduled TB determined in the corresponding DCI and the value of  is determined by Multi-TB HARQ-ACK bundling size field in the corresponding DCI
TS 36.212:

-	Multi-TB HARQ-ACK bundling size – 2 bits as defined in 7.3 of [3]. This field is only present if higher layer parameter multi-TB-DL-config is configured as enabled and higher layer parameter multi-TB-DL-HARQ-bundling is configured and the DCI is mapped onto the UE-specific search space given by C-RNTI as defined in [3].


We make the following observations:
· TS 36.212 captures the field of “bundling size” as 2 bits. However, there is no explicit agreement on this, and in many cases most of the states are unusable.
· For example, consider the following scenarios:
· Less than 4 TBs are scheduled. In this case, one of the states cannot be used.
· In many cases, HARQ-ACK bundling will reduce the peak throughput, since the timeline constraint has to be met (N+4) for all TBs in a bundle. See Figure 1 for an example where the maximum bundle size of 4 does not give any advantage with respect to a smaller bundle size of 2.
· In general, there is no agreement on how to compute the bundle size, or whether this is constant or not. In some cases of use (e.g. scheduling 4 TBs with single repetition), it can be seen that the optimum bundle strategy is {2,1,1} (i.e., the first two TBs are bundled together, and the last two TBs have separate HARQ-ACK) – see example in Figure 2
· How to obtain M (or multiple M) from the DCI field needs to be specified (even if the previous bullet is not agreed).
· Slight notation error: the value K is different for different bundles, so a notation seems more appropriate.



Figure 1 Throughput comparison between M=4 and M=3 for 8 HARQ processes.



Figure 1 Throughput comparison between M=2 and M=[2,1,1] for 4 HARQ processes.


Given the effort during Rel-16 in reducing the DCI size to a minimum, it seems excessive to have 2 bits to indicate the bundle size for multi-TB scheduling. We propose that the field is transformed into a 1-bit field (to dynamically enable the feature), with the bundle pattern depending on other parameters of the DCI.
For the bundle pattern, we make the following observations:
· When the timeline is the limitation, it is preferable to schedule the minimum bundle size that leads to the same peak throughput (e.g. in Figure 1, M=3 is preferred over M=4, since it offers more HARQ-ACK granularity and leads to the same peak throughput in the “sunny day” scenario).
· When repetitions are enabled, the timeline limitation tends to disappear, since repetitions of PDSCH/PUCCH increase (in general) the delay between a given PDSCH and its HARQ-ACK. Although characterizing the optimum M for each of these cases is possible, we restrict ourselves to two cases for simplicity: 1) single repetition for all the channels (PDSCH/PUCCH), and 2) some repetition for at least one of the channels.
· Note: In the case of interleaving in CE mode A, the timelines look exactly the same regardless of the number of repetitions for PDSCH, so these are accounted for in Case 1.
· For some cases (e.g. 4 TBs), the optimum bundle size is not uniform across TBs

Proposal 1: The field “Multi-TB HARQ-ACK bundling size” is 1 bit that enables and disables HARQ-ACK bundling.
	- The bundle pattern M is fixed in the specification depending on (#repetitions for PDSCH, #TBs, #reps for PUCCH, interleaving ON/OFF) as in the table below, where:
		- Case 1 is used if (“number of PDSCH repetitions = 1” or “interleaving is enabled”) and “number of PUCCH repetitions = 1”
		- Otherwise, case 2 is used
	
	1TB
	2TB
	4TB
	6TB
	8TB

	Case 1
	M=[1]
	M=[2]
	M=[2,1,1]
	M=[2,2,2]
	M=[3,3,2]

	Case 2
	M=[1]
	M=[2]
	M=[2,2]
	M=[3,3]
	M=[4,4]




The following TPs capture the above proposal:

<TP1, 36.213, 7.3>
For a BL/CE UE, if the UE is configured with CEModeA, and if the UE is configured with higher layer parameter multi-TB-DL-HARQ-bundling and multiple TB are scheduled in the corresponding DCI format 6-1A with CRC scrambled by C-RNTI,






-	for HARQ-ACK transmission associated with the corresponding DCI, the UE shall generate   HARQ-ACK bits by performing a logical AND operation of HARQ-ACKs across all   TBs in each TB bundle . The set of TBs that belong to TB bundle  is given by ,  , , . with 


-	the value of is the number of scheduled TB determined in the corresponding DCI and the value of   is equal to  (with   if the field determined by Multi-TB HARQ-ACK bundling size field in the corresponding DCI is set to “0”, and is given by Table XX.XX otherwise, where case 1 applies if the number of PUCCH repetitions for HARQ-ACK is set to 1, and either the number of repetitions for PDSCH is 1 or interleaving is enabled for the multiple TB transmission; case 2 applies otherwise.

Table XX.XX: Value of set  when Multi-TB HARQ-ACK bundling size field is set to “1”, for different number of scheduled transport blocks.  denotes the number of elements in set , and  denotes the b-th element of M.
	
	


	
	1
	2
	4
	6
	8

	Case 1
	{1}
	{2}
	{2,1,1}
	{2,2,2}
	{3,2,2}

	Case 2
	{1}
	{2}
	{2,2}
	{3,3}
	{4,4}


</TP1>

<TP2, 36.212, 5.3.3.1.12>

TS 36.212:

-	Multi-TB HARQ-ACK bundling size – 2 1 bits as defined in 7.3 of [3]. This field is only present if higher layer parameter multi-TB-DL-config is configured as enabled and higher layer parameter multi-TB-DL-HARQ-bundling is configured and the DCI is mapped onto the UE-specific search space given by C-RNTI as defined in [3].
<TP2>

Proposal 2: Endorse TP1 (TS 36.213) and TP2 (TS 36.212)


2 [bookmark: _GoBack]Issue #2: RV cycling 
For RV cycling, the current specification is as follows:
For BL/CE UEs, the same redundancy version is applied to PDSCH transmitted in a given block of [image: ] consecutive subframes, if the PDSCH is not carrying SystemInformationBlockType1-BR or SI message. The subframe number of the first subframe in each block of [image: ]consecutive subframes, denoted as [image: ], satisfies [image: ], where [image: ] for FDD and [image: ] for TDD. Denote [image: ] as the subframe number of the first downlink subframe intended for PDSCH, given by n+x as defined in Subclause 7.1.11. The PDSCH transmission spans [image: ] consecutive subframes including non-BL/CE subframes where the PDSCH transmission is postponed. Note that BL/CE subframe(s) refers to either BL/CE DL subframe(s) or BL/CE UL subframe(s). For the [image: ] block of [image: ]consecutive subframes within the set of [image: ] subframes, the redundancy version (rvidx) is determined according to Table 7.1.7.1-2 using [image: ], where [image: ], and [image: ]. The [image: ] blocks of subframes are sequential in time, starting with [image: ] to which subframe[image: ] belongs. For a BL/CE UE configured in CEModeA, [image: ] and [image: ] is determined by the 'Redundancy version' field in DCI format 6-1A. For a BL/CE UE configured in CEModeA, if the UE is configured with higher layer parameter multi-TB-DL-config and multiple TB are scheduled in the corresponding DCI with CRC scrambled by C-RNTI, and the 'Redundancy version' field for a scheduled TB is not present in the corresponding DCI, [image: ]. For a BL/CE UE configured with CEModeB, or a BL/CE UE receiving PDSCH associated with P-RNTI, [image: ] for FDD and [image: ] for TDD, and [image: ].



The specification above has two different interpretations:
1) Interpretation 1:  is initialized at the beginning of each transport block, [image: ] contains the subframes from the 1st subframe allocated to that TB till the last subframe allocated to that TB.
2) Interpretation 2:  is initialized at the beginning of the first transport block, [image: ] includes all the subframes belonging to all TBs scheduled by the same DCI. 
In our view, the correct behaviour should be “interpretation 1”. Otherwise, in some cases, the RV cycling may be stuck in RVs other than RV0 for a given TB, which may not be decodable. We present some examples in Figure 3. As it can be observed, Interpretation 2 leads to scenarios in which some TBs are stuck in non-decodable RVs, which is undesirable.


Figure 3 RV cycling for multi-TB (2 different interpretations)
A similar equation is used for frequency hopping. In this case, however, the value of  should be interpreted as “first subframe for the first TB” to allow for compatibility in hopping with legacy UEs.

Proposal 3: For multi-TB scheduling:
-  for RV cycling is interpreted as “first subframe for each TB”
-  for frequency hopping is interpreted as “first subframe for the first TB”. 


3 Summary of proposals.
In this contribution we analysed some remaining issues for the feature of multi-TB scheduling. We made the following proposals:



Proposal 1: The field “Multi-TB HARQ-ACK bundling size” is 1 bit that enables and disables HARQ-ACK bundling.
	- The bundle size M is fixed in the specification depending on (#repetitions for PDSCH, #TBs, #reps for PUCCH, interleaving ON/OFF) as in the table below, where:
		- Case 1 is used if (“number of PDSCH repetitions = 1” or “interleaving is enabled”) and “number of PUCCH repetitions = 1”
		- Otherwise, case 2 is used
	
	1TB
	2TB
	4TB
	6TB
	8TB

	Case 1
	M=1
	M=2
	M=2
	M=2
	M=3

	Case 2
	M=1
	M=2
	M=2
	M=3
	M=4




Proposal 2: Endorse TP1 (TS 36.213) and TP2 (TS 36.212)

Proposal 3: For multi-TB scheduling:
-  for RV cycling is interpreted as “first subframe for each TB”
-  for frequency hopping is interpreted as “first subframe for the first TB”. 
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