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1
Introduction

At RAN#75, a new WI on further enhancements to unlicensed spectrum operation for LTE was approved in [1]. 

One of the objectives in the first phase of the WI is to specify the support for multiple starting and ending positions for eLAA: 

· Specify support for multiple starting and ending positions in a subframe for UL and DL on SCell with Frame structure type 3. [RAN1, RAN2, RAN4]

In RAN1#88bis the following was agreed:

Agreement:

At least one additional UL ending point is introduced

· The ending point is indicated with a UL grant allocating the resources for the subframe

Agreement:

At least one additional UL starting point is introduced

 FFS: details, including whether the starting point is indicated with an UL grant or not 

At RAN1#89, there was good progress with the following agreements on additional UL starting positions: 

Agreement:

· UL partial subframe transmission starting at symbol #7 is supported with both following modes Mode 1 and Mode 2

· 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)

· FFS: channel access within shared COT

· FFS: how to indicate to which UL subframes this applies

· FFS: UCI mapping, if supported
· Mode 2. The UL grant indicates starting position at number #7

· FFS: additional starting points between symbols #7 and #8 

· The TB(s) is rate matched into the second slot

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported
Agreement:

For Mode 1:

· When transmission starts at symbol #7, the first slot of a subframe is punctured
· FFS: new MCS table and when that would be applicable
At RAN1#89, the following agreements on additional UL ending positions have been made: 

Agreement:
· UL partial subframe transmission ending in the end of symbol #6 is supported (in addition to #12 and #13 already supported)

· FFS: #3 and #10 

· The ending position is indicated with the UL grant

· The TB(s) is rate matched into the allocated symbols

· TBS Scaling is used similarly as in FS2

· FFS: TBS scaling details  

· FFS: UCI mapping, if supported

· FFS: whether the starting symbols is always #0 or as in Rel-14

· SRS transmission is not supported in these cases

At RAN1#91, the following was agreed:
Agreement:
In case the 1st subframe of a reference UL burst based on Type 1 channel access is Mode 1 partial UL subframe, the partial subframe as well as the next subframe are considered for CWS adjustment.
· If at least one of the TBs in the partial UL subframe and the next subframe is received correctly, the contention window is reset. Otherwise, it is increased.

Agreement: 

In case the partial subframe is the only subframe included in the reference UL burst, the partial subframe is used for CWS adjustment.
Agreement:
If the UE is allowed Mode 1 UL partial subframe transmission, the number of possible Type 2 LBT attempts by the UE within the shared COT shall be limited to n+1, where n is the number of consecutively allocated UL subframes.

· Note: This applies regardless of the type or number of grants that were used to schedule the consecutively allocated UL subframes and for cases where there maybe gaps of one symbol or less between the consecutively allocated subframes as in Rel-14

Agreement: 

For a UE which is allowed to apply Mode 1 UL partial subframe outside the MCOT acquired by the eNB, there is no restriction on LBT attempt number or position, i.e. the UE is allowed to continue Type 1 channel access before any slot of the UL burst if the LBT attempt for the previous slot fails.
Agreement: 

If a UL grant schedules a UL burst by multiple-subframe scheduling operation with Mode 1, Mode 1 is applied for all subframes of the UL burst.
Agreeement: 

The TBS of the Mode 2 partial UL subframe is scaled by the factor of 0.5.
Agreement: 

Re-interpret the legacy bit field in 0A/0B/4A/4B for indicating the starting positions of {#7, #7+25us, #7+25us+TA, #8} when a Mode 2 partial subframe is scheduled.
Agreement: 

When UCI is sent along with UL-SCH, the UCI is rate-matched in the 2nd slot of a subframe with Mode 1 operation, regardless this Mode 1 subframe is actually full or partial.
Agreement: 

UCI is rate-matched in the 2nd slot of the Mode 2 partial UL subframe.
Agreement: 

The TBS of a subframe ending at symbol #6 is scaled by a factor of 0.5 

Agreement: 

UCI is rate-matched in the 1st slot of a subframe ending in symbol #6.
In this contribution, we discuss further details of UL LAA operation to enable multiple starting or ending positions based on the currently available agreements. Section 2 focuses on further details of additional starting UL starting points whereas additional UL ending positions are discussed in Section 3. Discussion on UCI mapping for both features is discussed in Section 4. The related configuration and DCI signalling for both features is jointly discussed in Section 5. 
2
Further details on additional UL starting positions
2.1. Mode 1 details
Based on the Mode 1 agreements, the TBS is determined as for the full subframe (regardless of the starting point). As discussed during RAN1#89, this will result in a rather limited number of MCS alternatives which are self-decodable due to the agreed puncturing of slot#0 as also pointed out in [2]. Therefore, it has been proposed in [2] to define a new MCS table, which compared to the legacy tables use the next available higher modulation order for MCS entries where otherwise for a transmission in slot#1 only the coding rate would be above 0.931. We think that such change of the modulation order for Mode 1 transmission is of advantage and therefore should be supported. The changed modulation could be applied whenever Mode 1 transmissions are scheduled, whereas in other subframes the legacy modulation mapping is applied.
Proposal #1: Support a change to the next available higher order modulation for a LAA PUSCH Mode 1 transmission if the coding rate after the Mode 1 puncturing would be above 0.931. Related specification impact is FFS. 
Further, there have been discussions if the channel access within shared MCOT needs to be changed for a UE scheduled with Mode 1. We don’t think that any changes would be needed, except that the eNB cannot indicate LBT Type 2 to the UE in case the gap between preceding DL and UL is (for the first starting option in the subframe) less than 25us, as this limitation would not be given any more in case the UE gets access to the channel only in slot#1 (instead of slot#0).

Observation #1: Due to the conditional starting point of Mode 1 in slot#0 or slot#1 for Mode 1, the LBT Type 2 usage with a gap between DL and UL of <25us cannot be guaranteed any longer. No other changes to channel access are needed.
3
Further details on additional UL ending positions
As we already noted in our previous contributions, the advantages of additional ending positions reduce with a larger number of additional ending positions. Therefore, the largest advantage is given by introducing one additional starting points (as already agreed by supporting LAA PUSCH ending in symbol#6). From this perspective, we do not see strong motivation to introduce further additional ending points. 
Proposal #2: On top of the already agreed UL ending position in symbol#6, no additional LAA PUSCH ending positions are specified. 
Another open issue is the starting symbol for the partial ending UL subframe. In this context one needs to consider, if the partial ending UL subframe can be scheduled alone (i.e. UE requested to only transmit the partial ending UL subframe) or only when being scheduled with some PUSCH in previous subframes. In case of the latter, there is no need for supporting any other start than at the beginning of symbol #0. Otherwise, different starting points can be considered. As noted for the Mode 2 support of different starting points, we think this is not essential and should be dependent on the DCI signalling framework applied. Further discussions on the signalling can be found in Section 5.
4
UCI mapping

The basic principles of UCI mapping were agreed in RAN1#91. For both partial UL subframes starting or ending around the slot boundary, UCI is mapped to the second, or the first slot, respectively. 
The remaining open issues relate to the details of UCI resource determination. In our view, the modifications to the standards should be minimized. This can be done by keeping the UCI resource mapping the same as in the legacy case, except for mapping the RI onto symbols {1, 4} of the 1st slot (when ending at slot boundary), or {7, 10} of the 2nd slot (when ending at subframe boundary). For Mode 2 as well as the subframes ending at slot boundary, the mapping of CSI should work with the legacy formula, while with Mode 1 the CSI needs to be placed first to the available resources in the 2nd slot, after which data mapping starts from the 1st slot. The current beta offset values should suffice in these cases too.  
Proposal #3: RI is mapped onto symbols {1, 4} (when ending at slot boundary), or {7, 10} (when ending at the subframe boundary, after slot#1).

Proposal #4: The same beta-offset value is used for full and partial subframes.

5
DCI details
As noted in the agreements from RAN1#89, there is a need to dynamically indicate the additional starting and/or ending position PUSCH transmissions to the UE through UL grants. Therefore, enhancements to the UL DCI formats scheduling eLAA PUSCH will be needed. 

When looking at the single subframe DCI formats (0A/4A), the simplest enhancement would be to add 2 bits to the respective DCI formats to switch between Rel. 14 operation, Mode 1, Mode 2 and PUSCH ending in symbol#6 (for simplicity we note this here as Mode 3 in the discussions). Thereby the already available information on PUSCH ending symbol as well as PUSCH starting position could be used as noted in the Table below.

	Mode switch field
	Operational details

	00 – i.e. Rel. 14
	The PUSCH ending symbol & PUSCH starting position define the start and end of the PUSCH transmission according to DCI content (i.e. Rel. 14 behavior)

	01 – Mode 1
	The indicated PUSCH starting position defines the PUSCH start in slot#0. In case the transmission starts in slot#1, the signalling is not used (i.e. fixed starting position in symbol #7). The PUSCH ending symbol indicates the end of the PUSCH transmission in slot#1 (independently if the TX starts in slot#0 or slot#1).

	10 – Mode 2
	The indicated PUSCH starting position defines the PUSCH start in slot#1 – i.e. between symbol#7 and symbol #8 (similar as in Rel. 14, given by [#7, #7+25us, #7+25us+TA, #8]. The PUSCH ending symbol indicates the end of the PUSCH transmission to be in symbol #12 or 13.

	11 – PUSCH ending in s06
	The indicated PUSCH starting position defines the PUSCH start according to the Rel. 14 signalling. The PUSCH ending symbol field is not used in this case (i.e. 2 unused states for PUSCH ending in symbol #6)


Table 1: Operation when adding two mode switching bits to DCI formats 0A/4A.
As shown in Table 1, by adding 2 mode switching bits to DCI formats 0A/4A we can provide full scheduling flexibility for the new additional starting/ending points with only two unused states. 
For the signalling of start/end according to Table 1, overall 5 bits in the DCI formats 0A/4A would be used for indicating the symbols where PUSCH is transmitted. In case one would like to survive with in total 4 bits, some combinatorial signalling of 4 bits could be used – where 8 states (out of 16) would be needed already to provide the legacy, Rel. 14 eLAA PUSCH scheduling mechanism. The remaining states could be used in different ways – such as:
· 2 states for Mode 1: fixed starting position slot#0 to symbol #0 (limitation) and fixed start in slot#1 in symbol #7 (as in Table 1). 2 states used to indicate different ending positions in s12 or s13.

· 4 states for Mode 2: The 4 states are used to indicate different starting positions between s7 and s8. Fixed ending position given by s13 (i.e. no possibility to indicate end in s12, limitation)

· 1 state for PUSCH ending in s06: PUSCH start always given by s0 (no flexibility there, limitation)
Comparing the two options laid out here, there are plenty of limitations considering the saving of 1 bit in the DCIs. We therefore suggest: 

Proposal #5: Add two mode switching bits to DCI formats 0A/4A which give full indication flexibility of the feLAA PUSCH scheduling mode as well as the related PUSCH start and ending symbol.
Considering the case of PUSCH multi-subframe scheduling, the same mode switching bits can be equally added also to DCI formats 0A/4A. Thereby, it will only be possible to indicate either a partial starting or partial ending UL subframe with a single DCI which seems to be a reasonable restriction. 
Proposal #6: Add two mode switching bits to DCI formats 0B/4B enabling the dynamic indication of either partial starting or partial ending PUSCH transmission within the scheduled UL burst.
6
Conclusions
In this contribution, we discussed some further details on multiple starting and ending positions in a subframe for feLAA UL. Based on the discussion in this the following proposals are made. 

Mode 1 related:

Proposal #1: Support a change to the next available higher order modulation for a LAA PUSCH Mode 1 transmission if the coding rate after the Mode 1 puncturing would be above 0.931. Related specification impact is FFS. 
Observation #1: Due to the conditional starting point of Mode 1 in slot#0 or slot#1 for Mode 1, the LBT Type 2 usage with a gap between DL and UL of <25us cannot be guaranteed any longer. No other changes to channel access are needed.

Additional PUSCH ending positions related:

Proposal #2: On top of the already agreed UL ending position in symbol#6, no additional LAA PUSCH ending positions are specified. 
UCI mapping related:

Proposal #3: RI is mapped onto symbols {1, 4} (when ending at slot boundary, or {7, 10} (when ending at slot boundary 5.

Proposal #4: The same beta-offset value is used for full and partial subframes.

DCI indication related (for all modes):

Proposal #5: Add two mode switching bits to DCI formats 0A/4A which give full indication flexibility of the feLAA PUSCH scheduling mode as well as the related PUSCH start and ending symbol.
Proposal #6: Add two mode switching bits to DCI formats 0B/4B enabling the dynamic indication of either partial starting or partial ending PUSCH transmission within the scheduled UL burst
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