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

2
Multiple starting positions in a DL LAA subframe
Prior to introducing LAA in Rel. 13, there were lengthy discussions on introducing additional starting points for DL LAA with the motivation of having higher success rate in the LAA channel access procedure. 

In the end, two possible starting points have been defined, namely a normal/full LAA DL subframe (starting in symbol#0, 14 symbols long) and a LAA DL starting partial subframe (starting in symbol#7, 7 symbols long). Therefore, LAA already supports a downlink starting point granularity of 7OS/0.5ms. 

At the time of discussion, there had been several arguments for not introducing additional starting points, these mainly being based on UE and eNB complexity. The more starting points that are possible, the more different assumptions the UE will need to take when performing the processing overall – which among others include:
· For each starting point, a different channel estimation filter and channel estimate is required based on the varying number of symbols carrying CRS. 
· As partial starting subframe can only be self-scheduled from the (E)PDCCH, the UE will need to do (E)PDCCH blind decodes for each possible starting position. The number of PDCCH blind decodes required to be performance in a subframe increases linearly with the number of potential starting points. 

Multiple DL LAA starting points also increase the complexity for the eNB side:

· The eNB needs to prepare the transmitted signal for each possible DL starting point. 
· To simplify the operation from higher layer perspective, Rel-13 LAA decided to make the TBS determination for partial starting subframe independent if the start is in {s00} or {s07}. 
This additional complexity has also been the reason to (i) only define two possible starting points and (ii) make the support of DL starting partial subframe a UE capability. From UE perspective, there is only a minor motivation for supporting the DL starting partial subframe overall as getting scheduled with such configuration might decrease the UE throughput by taking a conservative approach in the TBS determination for a full subframe. At the same time the complexity for the UE is increasing as noted above. Therefore, we do not see the support of DL partial starting subframe (or now considering to increase the granularity) as being attractive from UE implementation point of view. 
Observation 1: The support of additional DL partial subframe starting points does not seem to be attractive from UE point of view. 

One major limitation to exploiting the DL starting partial subframe from a network point of view is that a significant amount of UEs should support the feature, since the eNB would only be allowed to transmit signals in these subframes in case there are UEs available for scheduling. Hence, such a feature would most likely have limited applicability, given the optionality for UE implementation under the additional complexity considerations.
Under the assumption that multiple starting points could be implemented and supported by UEs, we could consider to increase the number of starting point options to 4: {s00} & {s07} from Rel-13, {s03}/{s04} and {s09}/{s10} with potential introduction in Rel-15. 

Having a starting point in {s03} or {s04}, clearly the DL control region (including the corresponding CRS) should be again mapped from the beginning of the DL subframe: 

· Considering DM-RS for PDSCH (& EPDCCH) the DM-RS locations in slot#0 should be retained, which will basically limit the DL control length to finish at latest in symbol #5, i.e. for the case of {s04} to a maximum of 1 symbol or 2 symbols for {s03}

· There will be no room for antenna ports 2 & 3 in slot#0 restricting the operation of partial subframe operation starting in {s03} or {s04} to 2 CRS ports only (at least for the PDCCH operation). 

Therefore, for a start during slot#0 certain design aspects need to be considered but specification and operation (assuming terminal support) could be still feasible. 

The situation is slightly different when considering a partial DL start during slot#1:

· Overall, only 3 or 4 symbols will be available and this will include the PDCCH region which leaves a maximum of 2 to 3 OFDM symbols for the DL data region. 

· These 3 or 4 symbols will still need to contain sufficient CRS REs to guarantee reliable PDCCH & CRS-based PDSCH decoding. This contrasts with FS2 DwPTS or the LAA partial ending subframe, where the channel estimates of previous DL subframes can be used to obtain a feasible channel estimate quality. The availability of only one OFDM symbol containing CRS (for ports 0-1) might not be sufficient to achieve a good enough channel estimation quality. 

· 4 CRS port operation will not be possible for this starting points if we do not intend to move the CRS locations of port 2-3 in one of these OFDM symbols. Overall, this would only be possible with the start in {s09} as the last two symbols may contain DM-RS. 

· The number of available OFDM symbols may not feasibly support EPDCCH operation. 

· Keeping the same assumption on the TBS (to enable a somehow reasonable eNB implementation), only about 1/4th of the REs will be available for PDSCH data which will increase the coding rate dramatically and therefore will not improve the system throughput dramatically (and may even decrease the UE perceived throughput as noted earlier). 


Overall, considering the discussion in this section we do not see sufficient motivation to specify additional starting points for DL partial subframe operation, specifically considering the lacking motivation for UEs to support such a feature. 

We therefore propose: 

Proposal 1: No additional DL partial subframe starting points are specified as part of this WI. 

3
Multiple ending positions in a DL LAA subframe
Multiple subframe ending positions are supported in LAA since its introduction in Rel. 13, by enabling the existing FS2 DwPTS length also for the last subframe of an LAA DL burst. 
The operation of the multiple ending positions of an LAA DL subframe of Rel-14 LAA is as follows:

· LAA supports a DL subframe length of the last subframe in a DL LAA burst of 3, 6, 9, 10, 11, 12 or 14 symbols since Rel-13.
· The UE needs to be informed about the length of the DL LAA subframe (if length smaller than 14 symbols) using the ‘Subframe configuration for LAA’ field in the common DCI (i.e. PDCCH with DCI CRC scrambled by CC-RNTI) using the signalling in the subframe before (i.e. SF#n-1) and in the shortened ending subframe itself (i.e. SF#n)

· 14 out of 16 states of the Subframe configuration for LAA field are currently occupied with 2 states (1110, 1111) being reserved for future use. 

First, we have already a scheduling granularity of ≤3 symbols for multiple ending positions in the last DL subframe. Moreover, when keeping the current LAA operation mechanism (i.e. the need to inform the UE in both subframe #n-1 and #n using LAA common DCI), we can at maximum add one additional DL LAA ending position using the two reserved values. 

Observation 2: At maximum one additional LAA PDSCH length (i.e. ending position) can be introduced when using the Rel. 13 LAA operation and DL ending position signalling operation by common DCI. 
Introducing in Rel. 15 an additional DL ending position will have the following impacts on legacy (Rel. 13 & Rel. 14) LAA UEs:
· Rel-13 & 14 UEs will not be able to be scheduled in case the eNB indicates the new DL subframe length as the DL subframe length is broadcasted by the common DCI. Therefore, part of the potential advantages of introducing one additional length will be lost as downlink frequency domain multiplexing of earlier & Rel-15 UEs will not be possible.

· There will also be impacts on the CSI measurement capabilities of Rel-13 & 14 UEs. The subframe configuration signalling is also used by the UE to define valid measurement subframes. If a new DL subframe length is introduced (and needs to be signalled in two consecutive subframes), two additional subframes will not be eligible as valid CSI measurement subframes for earlier release UEs are defined only by valid Rel-13 subframe configurations (not including 1110, 1111).  

Taking these impacts on legacy LAA UE operation into account, the gains and motivation for introducing one additional LAA DL subframe length is overall questionable. 

Observation 3: The introduction of one additional LAA PDSCH length (i.e. ending position) will have impacts to legacy LAA operation in terms of CSI measurements and DL scheduling. 
During Rel. 13 LAA WI, there were long discussions if a DL subframe length of 13 symbols should be supported which could be used to reduce the gap of a DL burst with a scheduled UL burst immediately following. But at the time, no consensus could be achieved to enable a 13 symbol DL LAA subframe. 

Overall, if one additional ending position is to be introduced as part of this WI, and considering the Rel. 14 eLAA UL LBT framework, clearly a length of 13 symbols seems to be the most natural choice here. 

Proposal 2: Evaluate the advantages of introducing a DL subframe length of 13 symbols in Rel. 15 LAA to enable smoother DL-UL LAA burst handoff taking the impact on legacy LAA UEs into account. 
4
Conclusions
In this contribution, we discuss additional starting points for LAA partial starting subframe as well as different subframe lengths of the last subframe of a DL LAA data burst. 
The discussions on additional DL partial starting subframes can be summarized as: 

· Observation 1: The support of additional DL partial subframe starting points does not seem to be attractive from UE point of view. 

· Proposal 1: No additional DL partial subframe starting points are specified as part of this WI. 

The discussion on additional DL partial ending subframes can be summarized as: 
· Observation 2: At maximum one additional LAA PDSCH length (i.e. ending position) can be introduced when using the Rel. 13 LAA operation and DL ending position signalling operation by common DCI.
· Observation 3: The introduction of one additional LAA PDSCH length (i.e. ending position) will have impacts to legacy LAA operation in terms of CSI measurements and DL scheduling. 
· Proposal 2: Evaluate the advantages of introducing a DL subframe length of 13 symbols in Rel. 15 LAA to enable smoother DL-UL LAA burst handoff taking the impact on legacy LAA UEs into account. 
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