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1
Introduction
Up to RAN1#92, RAN1 has made – among others – the following agreements for partial UL subframes:
RAN1#89

· Mode 1. The UE may start at a Rel-14 starting point or at symbol #7 depending on e.g. the outcome of LBT
· The TBS is determined as for the full subframe regardless of the starting point (i.e. no TBS scaling)
· Mode 2. The UL grant indicates starting position at number #7
· TBS Scaling is used similarly as in FS2
· UL partial subframe transmission ending in the end of symbol #6 is supported (in addition to #12 and #13 already supported)
· TBS Scaling is used similarly as in FS2
RAN1#91

· The TBS of the Mode 2 partial UL subframe is scaled by the factor of 0.5
· The TBS of a subframe ending at symbol #6 is scaled by a factor of 0.5
RAN1#92

· The UL ending partial subframe ending at symbol #3 is supported.

· TBS scaling factor for the partial subframe ending at symbol #3 is 1/8

Especially for Mode 2 partial UL subframes and UL ending partial subframes where TBS scaling as for FS2 is applied, some issues arise that impose a severe problem for HARQ operation. In this document, we identify the issue, and present a solution to allow an efficient HARQ operation with partial UL starting/ending subframes.
2
Discussion
According to the specification of the TBS determination for FS2 in 36.213 for PUSCH transmissions in UpPTS, the number of PRBs as indicated by the DCI is scaled when applied for the lookup in the TBS table:

TS 36.213 v15.0.0, clause 8.6.2:
If the UE is configured with higher layer parameter symPUSCH-UpPts-r14, ttiBundling=FALSE, and the transport block is transmitted in UpPTS of the special subframe in frame structure type 2, then 

-
for special subframe configuration with up to 3 UpPTS SC-FDMA data symbols:

-
set the Table 7.1.7.2.1-1 column indicator to 
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-
otherwise:

-
set the Table 7.1.7.2.1-1 column indicator to 
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Obviously, for partial starting/ending subframes of eLAA, the scaling factors are modified to 0.5 and 0.125 correspondingly.

Since eLAA UL transmissions operate fully asynchronously, a DCI is required for each transmission, where for normal 1 ms subframes (without scaling), there is usually no problem for HARQ retransmissions to indicate the same TBS through the same MCS and N_PRB with an untoggled NDI. However, according to the agreements for partial UL subframes, the determined TBS will be different if one of the transmissions for the same transport block occurs in a normal subframe and another one occurs in a partial subframe where scaling is applied.
For example, according to the MCS and N_PRB, the resulting TBS (for a single layer transmission) for the different subframe durations is as follows:

	
	TBS for normal UL subframe (no scaling applied)
	TBS for a partial UL subframe scaling by a factor of 0.5
	TBS for a partial UL subframe scaling by a factor of 0.125

	MCS index 28 (TBS index 26)
100 PRB
	75376
	36696
	8760

	MCS index 17 (TBS index 16)
100 PRB
	32856
	16416
	3880

	MCS index 7 (TBS index 7)
100 PRB
	12216
	6200
	1480


Upon closer examination, the implication is that there are a large number of TBSs that can be determined for a normal subframe, but which are not available in case scaling (by 0.5 as well as by 0.125) is applied. Naturally this affects the largest TBSs much more than the smaller TBSs – as seen in the Table, the maximum TBS that can be determined when a scaling factor of 0.5 is applied, is 36696 bits – implying that a partial subframe for which a scaling of 0.5 is to be applied can never be used for a retransmission for a larger transport block.

A similar property is observed in case a first transmission employs a partial subframe (such as by Mode 2). Only a fraction of the TBSs that are available for such a Mode 2 subframe can be indicated in a regular subframe.
Additionally, the scaling by a factor of 0.125 implies that the number of PRBs for the TBS lookup almost never results in a column that would can be indicated if no scaling is applied due to the interlace granularity of 10 PRB – i.e. only the scaled subframe indicating 80 PRB and the unscaled subframe indicating 10 PRB offer identical TBSs. The same effect is of course applicable to a scaling factor of 0.5, where only scaled subframes indicating 20/40/60/80/100 PRB and the unscaled subframes indicating 10/20/30/40/50 PRB, respectively, offer identical TBSs.
Observation: HARQ retransmissions where one of the subframes applies TBS scaling as for FS2 impose an undesirable and noticeable restriction on the scheduler, resulting in an increased latency for the corresponding TBs.

Of course, TBS scaling has its merits to adapt the TBS to the capacity offered by a partial subframe for an initial transmission. Therefore, we think that we should no revoke the agreement regarding TBS scaling to fix the problem.

Solution 1: TBS Scaling is only applied in partial subframes if the subframe carries an initial transmission.

The implication is that for a retransmission of a TB in a partial subframe, the TBS is determined without any scaling. Therefore it is possible to determine exactly the same TBS if the same MCS and N_PRB are indicated, which we assume would usually be the case for a retransmission. At least, this imposes no additional scheduler retsrictions or latency compared to the case of scheduling a retransmission in a regular subframe. However, this does not resolve the issue of a first transmission in a partial subframe and a retransmission in a normal subframe.
Solution 2: TBS Scaling is applied in partial subframes if the subframe carries an initial transmission. Additionally, the TBS for a retransmission is determined in the same way as for the first transmission of the TB.

This solution is improved over Solution 1 in that it allows the same TBS determination for retranmsissions regardless whether the first transmission is scheduled in a partial subframe with scaling or in a subframe without scaling. However, due to the chance of a missed DCI, the UE and eNB understanding about the first transmission could be different. Therefore this solution is vulnerable to DCI loss.

Solution 3: TBS Scaling is explicitly indicated in the DCI.

In case a UE is allowed to transmit UL partial subframe where scaling could be applied, the DCI includes an additional field. This field explicitly tells the UE whether it should determine the TBS without any scaling, or with the scaling factor agreed for the corresponding partial subframe. If there is no ambiguity about the scaling factor to be applied, a single bit would be sufficient for this purpose. For example, if a UE is configured with Mode 2 UL partial subframes, the bit indicates whether a scaling by 0.5 or no scaling for determining TBS is applied. This is applicable for partial as well as normal subframes – ultimately it is then up to the eNB to set the scaling field in the DCI such that the TBS determination for a retransmission matches the TBS determination method for the first transmission of the same TB. This method avoids the problems caused by lost DCI, and allows the eNB full flexibility to utilise partial subframes for retransmissions of normal subframe TBs, as well as utilising normal subframes for retransmissions of partial subframe TBs. Therefore we suggest to agree to the following proposal:
Proposal: If a UE is configured with Mode 2 UL partial subframes or with ending partial subframes, the DCI includes a field to indicate whether the UE applies scaling for TBS determination or not. 
3
Summary
This contribution discussing the problem of non-matching TBSs for partial and normal subframes in the context of HARQ retransmission. We have the following observation and proposal to solve the problem:
Observation: HARQ retransmissions where one of the subframes applies TBS scaling as for FS2 impose an undesirable and noticeable restriction on the scheduler, resulting in an increased latency for the corresponding TBs.

Proposal: If a UE is configured with Mode 2 UL partial subframes or with ending partial subframes, the DCI includes a field to indicate whether the UE applies scaling for TBS determination or not.
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