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1 Introduction

In the last RAN1 meeting the indication of single codeword transmissions with DCI format 2, also referred as “TBS=0” indication, has been discussed [1]

 REF _Ref201725594 \r \h 
[2]. The following way forward has been agreed [3]:
· In PDCCH format 2, use TBSx = 0 to indicate single codeword transmission. (1CW transmission using two layers is not the scope of the discussion)
· Continue discussion on 
· whether x = 1, x = 2, or x = either of 1 or 2
· which code point(s) of (TBS1, TBS2) is(are) used to indicate TBSx = 0
In this contribution, we provide our view on different solutions how to indicate a single codeword transmission on DCI format 2.
2 Discussion
In the CR in [4] it has been agreed, that codeword 2 in DCI format 2 can be enabled or disabled. Moreover, the currently agreed DCI format 2 fields contain a so‑called “swap-flag”, which allows swapping the codeword‑to‑transport-block (HARQ process) mapping. Therefore, as shown in Table 1 – a “TBS=0” indication is only required for code word 2, since transport block 1 or transport block 2 can be enabled/disabled utilizing the “swap-flag”.
Proposal:
A single codeword transmission on PDCCH DCI format 2 is indicated by defining “TBS=0” for codeword 2 only
It should be noted, that in case the “swap-flag” should be removed from DCI format 2, a fixed codeword‑to‑transport-block (HARQ process) mapping is defined. Therefore, “TBS=0” would need to be defined for both codewords in order to be able to enable/disable any of the two transport blocks.
Table 1. Possible codeword-to-transport-block configurations for PDCCH DCI format 2

	Number of codewords
	Swap flag value
	codeword 1
	codeword 2

	2
	0
	Transport block 1
	Transport block 2

	2
	1
	Transport block 2
	Transport block 1

	1
	0
	Transport block 1
	“TBS=0”

	1
	1
	Transport block 2
	“TBS=0”


Concerning the reserved codepoints to indicate “TBS=0”, we identify the following three alternatives:

Alternative (1)
MCS_X
Alternative (2)
MCS_X + RV_X 
Alternative (3)
MCS_X + toggle NDI

Alternative (1) causes more scheduler restrictions than the remaining alternatives, since the reserved MCS level cannot be used at all for codeword 2 (codeword 1 and 2 in case the “swap-flag” is not present in DCI format 2).
Compared to alternative (1), alternative (2) relaxes the scheduler restriction, such that the reserved MCS level cannot be used in conjunction with the reserved RV. We identify the following reasonable MCS / RV combinations:
Combination (a) 
MCS0 + RV1 [1]
Combination (b)
MCS29 + RV1

In case of combination (a), the lowest MCS level (QPSK rate ~1/8) cannot be used for codeword 2 in conjunction with RV1 for initial transmissions. This combination is not assumed to be used anyway for initial transmissions, since typically RV0 is used. In case of retransmissions, a MCS level corresponding to MCS0 can still be indicated by signaling MCS29, which solely indicates QPSK modulation irrespective of the transport block size. This is possible, since the transport block size is already known at the UE. Moreover, it should be noted, that RV1 is typically not needed in combination with MCS0, since this results in a code rate of ~1/8 and, therefore, all systematic and parity bits are provided by any other RV. 
Combination (b) does not cause a scheduler restriction for initial transmissions, but for retransmissions. Since MCS29 does not indicate a transport block size (solely indicating QPSK modulation) it is not used for initial transmissions. As a consequence, normally QPSK modulation cannot be used in conjunction with RV1 in retransmissions. It should be noted that there are exceptional cases, when an identical transport block size to the initial transmission can be indicated by MCS0-9 (QPSK MCS levels). However, due to the agreed TBS table this is only possible for selected combinations of RB allocation sizes used for the initial transmission and the retransmission.
Alternative (3) using MCS29 has been proposed in [2] and does not cause scheduler restrictions, however, introduces a misuse of the NDI bit, which handles the HARQ protocol. We identify the following drawbacks:

· Causing a misunderstanding of the number of transmitted codewords between eNodeB and UE in case of missed PDCCH by the UE as described in the Annex. Although the error cases are assumed to occur rarely, the HARQ protocol has been designed be as robust as possible and any additional error cases should be avoided.
· In order to correctly interpret the NDI toggling used for the single codeword indication, the NDI needs to be processed and handled in physical layer, although it is typically handled in MAC layer.
Based on the discussion above, in our view Alternative (2) (a) with MCS0 + RV1 is the most reasonable solution for indicating “TBS=0”, since it virtually does not cause any scheduler restriction, while at the same time does not touch the HARQ protocol.
Proposal:

MCS0 + RV1 is used to indicate “TBS=0”

3 Proposal

Based on the discussion in this contribution, we propose the following for indicating a single codeword transmission on DCI format 2:
· A single codeword transmission is indicated by defining “TBS=0” for codeword 2 only

· MCS0 + RV1 is used to indicate “TBS=0”
In case the proposal above is accepted, we will prepare the respective CRs.
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Figure A1 – Error cases introduced by Alternative (3) using MCS_29 + toggle NDI [2]
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