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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Two agreements were made in RAN1#98bis for the Rel-16 eMTC WI for HARQ-ACK bundling for multi-TB scheduling.
Agreement
[bookmark: _Hlk37418487]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

Agreement
· For UEs that support multi-TB scheduling with HARQ-ACK bundling, the maximum bundle size is 4.
· Strive to reuse Rel-14 HARQ-ACK bundling feature as baseline at least for the non-interleaving case

The 36.212 and 36.213 specification editors created draft specifications based on eMTC agreements that were endorsed after RAN1#98bis (Chongqing). 36.212 included a 2-bit “Multi-TB HARQ-ACK bundling size” field to indicate the actual bundle size, similar to the rel-14 “Transport blocks in a bundle field”, and an Editor’s Note to “Decide in Reno whether this new field is needed or we can reuse some existing fields.”. There were no additional HARQ-ACK bundling for multi-TB agreements in RAN1#99 (Reno). 
During the 36.212 endorsement after RAN1#99 it was commented that “For Multi-TB HARQ-ACK bundling size, there is no ran1 agreement that the 2 bits are used for this field. Therefore further ran1 discussion  is needed”, and the reply by the editor was “This was in the previous endorsed version so I will leave it, however we still have the understanding that we can decide to keep it like this or reuse some existing fields to provide the bundle size.” The endorsed versions of 36.212 and 36.213 were approved in RAN#86.
In [100e-LTE-eMTC5-Multi-TB-02] there was discussion on HARQ-ACK bundling, with no consensus. Some felt that the current text in 36.212 and 36.213 was a placeholder and that we should “start from scratch” and in order to save 1-2 bits in the DCI and/or improve the mapping of TBs to bundles, while others felt the current text worked well enough and no CR was necessary.
The purpose of this paper is to explain, from an editor perspective, how the current specifications operate and follow the agreements. The paper is NOT intended to forestall discussion or possible agreement on other implementations, both proposals that follow the current agreements and those that may not. New agreements by consensus can always be made, and as usual a best effort will be made to capture these in the specifications.

Operation of the current 36.212 and 36.213 specifications
The specification text from 36.212 and 36.213 is given below.



From 36.212:

5.3.3.1.12	Format 6-1A
…
-	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].

From 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.


The DCI provides number of TB = 1,2,4,6,8 and actual bundle size M = 1,2,3,4.[footnoteRef:1] The UE procedure says which TBs are in which bundles, and is equivalent to the following where the notation (x,z,…) means three bundles, with a first bundle of x TBs, second bundle of y TBs, etc. [1:  The DCI field was written assuming natural counting (from 1) and 2 bits are used to represent 1,2,3 or 4, as was done with the rel-14 “Transport blocks in a bundle” field. In the meeting RAN1#100-e, a rel-14 CR (CR0332 in R1-2001333) was endorsed to explicitly state the natural counting; a similar clarification may be made for this rel-16 field description in the future if the 2-bit field to represent the actual bundle size is retained.] 



= 1
M = 1 bundle size

= 1 bundle
Bundle is (1)


= 2
M = 1,2 bundle sizes

= 2, 1 bundles
Bundles are (1,1) or (2)


= 4
M = 1,2,3,4 bundle sizes

= 4,2,2,1 bundles
Bundles are (1,1,1,1) or (2,2) or (3,1) or (4)


= 6
M = 1,2,3,4 bundle sizes

= 6,3,2,2 bundles
Bundles are (1,1,1,1,1,1) or (2,2,2) or (3,3) or (4,2)


= 8
M = 1,2,3,4 bundle sizes

= 8,4,3,2 bundles
Bundles are (1,1,1,1,1,1,1,1) or (2,2,2,2) or (3,3,2) or (4,4)

Various observations can be made on the current UE procedure. For example, with 4 TBs, having three bundles of size (2,1,1) is not supported. More generally we have observation 1.
Observation 1: All bundles contain the same number of TBs, except possibly the last bundle.
As another example, we can see that as the DCI signals the bundle size directly, it is not possible to support multiple options for a number of TB and bundle size. For example, for 4 TBs both (2,2) and (2,1,1) cannot be supported. 
Observation 2: When the DCI signals the bundle size directly, it is not possible to have more than a single bundle arrangement for a given number of TBs and bundle size.

Interpreting the Agreements
This part of the RAN1#100-e email discussion ended with the rapporteur commenting that it would be good to sort out the interpretation of the earlier RAN1 agreements. Here the 36.212 editor understanding of the agreements is provided. 
The 36.212 editor interpreted the agreement “the actual bundle size is indicated by DCI” to mean that the bundle size (up to 4) was signaled directly in the DCI. A 2-bit field was used (for natural counting from 1 to 4), similar to the rel-14 field. With the editor’s understanding, the only other possible 36.212 implementations to consider that are aligned with the agreements would reuse some other fields to also directly provide the bundle size, instead of the new field. The 36.213 implementation seems to be a natural one, using the provided DCI fields to determine the TB to bundle mapping. There may also be other implementations of 36.213 that follow the agreements, where the number of TBs and bundle size directly provided by the DCI map to a different bundle mapping (e.g., (2,1,1) instead of (2,2)).
Sharing this understanding of the agreements will hopefully help explain, to those that may have a different understanding of the agreements, the editor comments made during the email discussion. 
[bookmark: _Ref129681832]
Conclusions
This paper explained, from an editor perspective, how the current 36.212 and 36.213 specifications operate and follow the agreements. Further discussion is encouraged in RAN1#100bis-e on other proposed implementations. Some of these proposals may be the sort intended to be open still during the endorsements that led to these current specifications, for example reusing some existing fields to provide the actual bundle size or a different mapping in 36.213 from the actual bundle size to the TBs in each bundle. Other proposals may or may not follow the current agreements (depending on interpretation), such as proposals on using a table mapping to reduce DCI bits and/or select certain preferred bundling embodiments. In any case, the paper is NOT intended to forestall discussion or possible agreement on other implementations.
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