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1. Introduction
At RAN#75, a new WI on further enhancements to unlicensed spectrum operation for LTE has been 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 

In this contribution, we discuss possible enhancements to UL LAA operation to enable multiple starting or ending positions. 

2. Discussion

2.1. Background

In conventional LTE (Licensed band operation, FDD) UL transmissions start always at the subframe boundary (which may be offset by the Timing Advance value). For LTE TDD (i.e. Frame Structure Type 2), Rel-14 introduced also support for UL transmissions in UpPTS part of a special subframe. In such case, the UL starting position (defined by the UpPTS length) is semi-statically indicated to the UE along with the enabling of the feature.

In the case of LTE unlicensed band operation (Licensed Assisted Access, LAA), the starting point of the UL transmissions can vary between the start of a subframe and the second -SC-FDMA symbol of a subframe. Four different starting points are supported, and any one of them can be indicated to the UE with a two-bit field included into the UL DCI formats 0A/0B/4A/4B as follows (Table 5.3.3.1.1A-1 from TS 36.212, v.14.0.0):
Table 5.3.3.1.1A-1: PUSCH starting position

	Value
	PUSCH starting position

	00
	symbol 0

	01
	25µs in symbol 0

	10
	(25+TA) µs in symbol 0

	11
	symbol 1


Similarly, mainly for the purpose of making room for SRS transmission, there is a possibility to indicate with one bit in the UL grant whether a transmission shall stop at the end of the subframe (after symbol #13), or one symbol earlier (after symbol #12). 

One of the key design targets for LTE operation on unlicensed spectrum is fair co-existence with other radio nodes and technologies, including in particular WiFi. For this reason, the channel access procedure (i.e. listen-before-talk) applied in LTE is essentially the same as in WiFi. This allows for fair co-existence with WiFI, at least when relatively large amount of data is transmitted. However, in the case of small data packets, the minimum transmission duration of (close to) 1 ms means that a UE may from time to time occupy the operating channel longer than a WiFi node transmitting a similar amount of data. Additional starting and ending positions for UL on LAA can help in further optimizing the occupancy of unlicensed spectrum, such that unnecessary transmissions are minimized and on the other hand, LAA can optimally utilize the Maximum Channel Occupancy time given by the regulations.

Observation:  Additional UL starting and ending point allow for optimizing the channel occupancy on unlicensed spectrum.
2.2. Design considerations

The most obvious design reference for multiple UL starting and ending positions is the LAA DL, which supports starting of the transmissions at the slot boundary (“starting partial subframe”), as well as multiple ending positions within a subframe similar to DwPTS (“ending partial subframe”). Similar definitions can be considered for UL as well, and hence in the following:
· with partial starting subframe we refer to a subframe where the transmission starts after SC-FDMA symbol #1, e.g. at the beginning of the second slot (e.g. symbol #7)

· with partial ending subframe we refer to a subframe where the transmission ends before SC-FDMA symbol #12, e.g. after the 1st slot (e.g. symbol #6)

For both partial starting and ending subframe, the first key point to consider is the granularity of accessing the channel, i.e. the number of additional starting or ending points. In order to increase granularity of accessing the channel, it seems well motivated to allow for an UL transmission to start or stop roughly at the slot boundary. We note that somewhat similar discussions are underway in the WI on “Shortened TTI and processing time for LTE”, where 2-symbol and 7-symbols sTTIs are considered. In fact, the PUSCH design for 7-symbol sTTI seems easily applicable to LAA as well with respect to e.g. DMRS placement etc. In practice this roughly corresponds to one slot of Rel-14 eLAA PUSCH. 

On the other hand, the applicability of 2-symbol sTTI structure to FS3 is less unclear: with the 2-symbol sTTI structure, the DMRS overhead becomes easily very significant (up to 50%), and the achievable gains do not seem very tempting. Furthermore, the UL DMRS positions with 2-symbol sPUSCH are not fixed but instead signalled dynamically, which does not suit well the FS3 framework either. Moreover, sharing an UL DMRS symbol between different UEs with some form of CDM (a method considered in sTTI work to reduce DMRS overhead) is not feasible in unlicensed band operation, where each UL transmission is subject to LBT.
Another aspect speaking in favour of making partial starting or ending UL subframes roughly 1-slot long is the fact that in order to accommodate LBT procedure necessary for TDM multiplexing of UL users, an SC-FDMA symbol may need to be muted at least partially, similarly as is done in Rel-14 eLAA (see Table 5.3.3.1.1A-1). Such muting is hardly feasible with 2-symbol sTTI-like structure. Therefore, we propose that the design of partial starting or ending UL subframes should be based on one slot of Rel-14 FS3 PUSCH. Whether and how to provide room for LBT between a partial starting subframe and the following full subframe, or between a full subframe and a partial ending subframe can be studied further.

Proposal #1: The design of partial starting or ending UL subframes is based on one slot of Rel-14 FS3 PUSCH, i.e. PUSCH transmissions may also start or stop at the slot boundary.

· The provisioning of room for LBT between a partial and a full subframe is FFS.
2.3. Signalling of additional starting and ending points

As for the signalling of the starting or ending point for UL, two basic approaches can be considered:

· Alt 1: Common (cell-specific) signalling, similar to the indication of “Subframe configuration for LAA” in Rel-13 LAA
· Alt 2: UE specific signalling via UL grant, similar to the indication of “PUSCH starting position”, and “PUSCH ending symbol” in Rel-14 eLAA
Considering the first alternative in principle cell-common signalling is an efficient way of conveying information which is common for all UEs in the cell (at least those supporting the given feature). However, in the case of PUSCH transmission, the information about the type of the subframe (normal, partial starting, or partial ending) needs to available at the time of the scheduling, i.e. 4 subframes before the time of the PUSCH transmission. This is not compatible with the design principle of LAA CC-RNTI based subframe type indication, which may not be present in all DL subframes. Furthermore, Rel-14 eLAA supports flexible UL transmission timing on a per UE basis, making in rather impractical (if not impossible) to indicate the UL subframe type with common signalling. Therefore, we see that the natural way of indicating the UL subframe type to the UE is to use dedicated signalling, i.e. UL grants.

Proposal #2: UL subframe type (partial starting, normal, or partial ending) is dynamically indicated to the UE the UL grant. Details are FFS.
One key motivation for the introduction of additional starting and ending positions is to enhance the efficiency of channel access, and not have to wait until the subframe boundary before the start of a transmission. Simple signaling of the UL starting position does not fully meet this goal. To fully benefit from additional UL starting points, we see that granting the UL resources in a conditional manner should be considered. As an example, a single UL grant could allocate the UE with resources in either the first or the second slot of a subframe. Depending on whether the UE clears LBT before the subframe or the slot boundary, the UE would use the first or the second (or both first and second) slot for the transmission, while the transmission parameters (MCS, TBS, HARQ ID, NDI, or RV etc.) would be the same in both cases. This allows for the UE to prepare only a single transport block for the transmission, irrespective of the actual starting point – if transmission cannot start at the subframe boundary, the UE can simply try to retransmit the same information one slot later. This sort of conditional transmission would also minimize changes to HARQ operation, since there would still be only a single TTI (at least from UE point of view) in each subframe.   

Proposal #3: Consider supporting conditional UL resource allocations, where a UE may start transmitting PUSCH either in the first or in the second slot of a subframe, depending on where the LBT is cleared.

3. Conclusion

In this contribution, we discussed multiple starting and ending positions in a subframe for feLAA UL. Based on the discussion in this the following proposals are made: 

Observation:  Additional UL starting and ending point allow for optimizing the channel occupancy on unlicensed spectrum.
Proposal #1: The design of partial starting or ending UL subframes is based on one slot of Rel-14 FS3 PUSCH, i.e. PUSCH transmissions may also start or stop at the slot boundary.

Proposal #2: UL subframe type (partial starting, normal, or partial ending) is dynamically indicated to the UE the UL grant. Details are FFS.

Proposal #3: Consider supporting conditional UL resource allocations, where a UE may start transmitting PUSCH either in the first or in the second slot of a subframe, depending on where the LBT is cleared.
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