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1
Introduction
The LAA discussions in RAN1 seemed to converge, that listen-before-talk (LBT) will be needed for LAA to provide fair coexistence on unlicensed bands with WiFi and that LBE (load based equipment) type of operation for LAA DL seems to be the preferable solution. Moreover, it has been discussed that some signal would need to occupy the channel between successful LBT and the start of the next LTE subframe when operating LAA according to Load based Equipment (LBE) type of LBT. Based on discussions, the following related agreement could be reached at RAN1#79 [1]:

Agreements:
•      DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA 

–     At least for LBE, some signal(s) can be transmitted by eNB between the time eNB is permitted to transmit and the start of data transmission at least to reserve the channel

•      This does not imply the data transmission can start only at the subframe boundary

•      Possible restriction on starting position of data transmission can be considered

•      The duration of this signal(s) is part of the maximum transmission duration

•      The content/additional function/duration of this signal is FFS

–     This does not imply network synchronization
In [2], we discussed the use of such signals to reserve the channel which we generically denote as ‘reservation signal’ in here that might be part of a partial subframe transmitted at the beginning of an LAA transmission and that some useful signal as PDSCH might need to be part of this partial subframe at the beginning of an LAA DL transmission in order to keep the overhead and unnecessary interference produced by the partial subframe within tolerable levels. 
In [3,4,5] different proposals on how to utilize the partial subframe for PDSCH transmissions have been made. In this contribution we present our views on how to map PDSCH to partial subframe transmissions. 

2
Limitations on data starting point 
As noted in the discussions at the RAN1 LAA-adhoc in April 2014 and example contributions [3-5], there is a need for the eNB to prepare the data transmissions of data (i.e. PDSCH) and the related control message carrying the DL grant (i.e. PDSCH/EPDCCH) in advance (before the start of a potential transmission after successful CCA/LBT).

Therefore, the potential starting points for a PDSCH transmission in a partial subframe need to be clearly limited in order to limit the number of hypothesis the eNB needs to prepare data for, as for each hypothesis the eNB needs to have the PDSCH of at least the partial subframe prepared already. This of course increases the complexity for the eNB to utilize the partial subframe for PDSCH transmission. 

Observation 1: The eNB needs to prepare the PDSCH & (E)PDCCH for each hypothetical PDSCH starting point in the partial subframe in advance, resulting in increasing complexity for the LAA eNB when utilizing the partial subframe for data (i.e. PDSCH transmission).

Looking at this point, we think that it might be useful to limit the possible PDSCH starting points to two possibilities – meaning the eNB would prepare for two potential PDSCH starting points only (which already will double the complexity compared to licensed band operation already), as also suggest in [6]. This will also make it easier from UE point of view, depending on which way the potential starting point of PDSCH transmission is going to be signaled to the UE (through DCI signaling or potential preamble as discussed online at the RAN1 LAA ad-hoc). 
In contribution [3], there is a nice analysis on the potential overhead when considering potential starting points of useful data transmission to the subframe boundary only or at the slot boundaries based on the description of Fig. 1 in [3]. We would like to note here, that we agree with the worst case analysis done there, but think that we would need to consider the average overhead from system point of view and not the worst case. Based on the analysis given in our earlier contribution [2], the average overhead would be given by half the worst case overhead as analyzed in [3]. 
When looking now at the overhead analysis and considering to limit the starting point to two options, it is clear that the starting points are to be distributed as evenly over the 14 LTE OFDM symbols in a subframe as possible to limit the maximum and average overhead induced due to some reservation signal.

Observation 2: Distributing the potential starting points for data transmission (PDSCH & related control) as evenly as possible over the LTE subframe will minimize the induced maximum and average reservation signal overhead.

As a consequence, considering two potential starting points this would lead to limit the data starting points to the subframe boundary as well as the slot boundary considered as an alternative in [3]. 
Based on the discussions in this section we propose:
Proposal 1: In case data transmission including PDSCH is to be supported for LAA DL in partial subframes, the following should be applied:

· Limit the potential data (PDSCH & related control) starting point in the partial subframe to a maximum of two possible starting points only

· The two starting points should be aligned with the respective subframe and slot boundaries. 

3
On TB design for PDSCH in partial subframes
The contributions [3-5] discuss two options on how to structure the PDSCH in partial subframes – as we note in Figures 1a and 1b, namely independent TB for the partial subframe or having a super TTI. 
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Figure 1: Separate TBs for the partial subframe and the following full subframe (a) or having a joint TBs for the partial and the following subframe (i.e. denoted as ‘Super TTI’ in [4]). 
The referenced papers [3-5] discussed some of the pros/cons of the two options already. 

The current LTE TBS are available for a limited number of OFDM symbols and the current TBS are too small to be able to support such a Super TTI [5]. On the other hand, for the fractional subframe with having a smaller amount of OFDM symbols as separate transport blocks, the TBS sizes for the indicates MCS might be too large, as pointed out in [4]. So for both options, some work on the TBS will be needed in case PDSCH transmission in partial subframes is to be supported. 

But also from eNB point of view, there is a clear difference in complexity. For the Super TTI, the eNB needs to provide two large TB (having a full subframe only in case the transmission is starting at the subframe boundary – and Super TTI TBs) and then needs to select which of these is to be transmitted. This will clearly require more eNB TX sample buffering and TB source coding compared to the case of Fig. 1a, where the eNB, instead of the super TTI TBs, only needs to prepare a smaller TBS for the partial subframe. So from this point of view, having separate TBs is clearly preferable. 

But also from HARQ point of view, having a super TTI might create some issues. In case the super TTI fails and a large bandwidth has been allocated to a single UE in that Super TTI (which might be typical in small cell deployments where LAA is to be applied), a retransmission of such large amount contained in a Super TTI might not be possible. This might be one reason to prefer the separate TB of the PDSCH in partial / fractional subframe. 

Moreover, having separate TBs might enable to schedule different UEs in the partial subframe and the next full subframe, giving more flexibility for the eNB scheduler implementation. This might be of specific importance considering potential DRX for different UEs, as highlighted in [6]. 

But also looking at the UE receiver operation, the Super TTI might create some timing issues with respect to HARQ-Ack timing of the feedback, in case we assume the DL grant is to be contained in the first full following subframe on PDCCH or EPDCCH through self- or cross-carrier scheduling. After correctly decoding the DL grant, the UE would need to decode a potentially larger sized TB compared to the full subframe in the same time in order to be able to provide HARQ-Ack feedback on PUCCH in time.
One argument brought up in [5] against having a separate TB for the partial subframe has been the availability of sufficient amount of reference signals. As given by our proposal 1, half of the RS compared to a normal full LTE subframe would be available for the partial subframe which will effect on the decoding performance. But the same issue is equally applicable for DwPTS operation already now. Moreover, the eNB can in its LAA link adaptation account for such decoding degradation in the UE. 

To summarize the discussions here, we believe that having separate TBs for the fractional subframes clearly have advantages for eNB & UE implementation complexity. Therefore, we propose:

Proposal 2: In case data transmission including PDSCH is to be supported for LAA DL in partial subframes, the PDSCH carried in the partial subframe should contain independent transport blocks from the following full LAA DL subframe. 
4
DL scheduling for PDSCH in partial subframes
One more thing to consider is on how to provide the scheduling information for the UE considering PDSCH in partial subframes. The contributions [3, 4] already discuss the different options there through same subframe scheduling or scheduling in the next subframe (i.e. post scheduling).

Looking at the post-scheduling option, there is clearly a need for increased baseband sample buffering at the UE side, as the UE needs to buffer the samples until a potential DL grant has been correctly decoded in the following regular LTE subframe. This buffering need will increase even more, in case post-scheduling through EPDCCH is to be applied. In this case, the UE will need to buffer 1.5 subframes (assuming the partial subframe PDSCH to start at the slot border) before even the blind decoding of the EPDCCH in the following subframe can be started. For PDCCH scheduling, the increased UE buffering clearly will not be as severe but still present.
Also the HARQ timing again comes into play here. In case the HARQ timing is given by the subframe where the PDSCH is received (as was proposed in a multi-company way forward in [7]), the processing time for the UE will shrink by up to 1ms assuming EPDCCH post-scheduling. 
Observation 3: Post-scheduling of the DL grant for PDSCH in the partial subframe will result in increased buffering for the UE as well as reduce the available PDSCH decoding time for the UE.
As also noted in the discussions in the previous section, from eNB implementation point of view the DL control channel carrying the DL grant for post-scheduling will be dependent if the partial subframe TBs can be transmitted or not.
Therefore, for DL self-scheduling, the eNB again will need to prepare the next full subframe transmission samples based on the two alternatives for the LAA TX samples – one containing the grant of the PDSCH in the previous partial subframe and one without, again increasing the complexity for the eNB. In contrast, in case of partial subframe self-scheduling the eNB could just neglect the transmission samples of the partial subframe itself simplifying eNB implementation. 

The situation gets even more severe in case of using DL cross-carrier scheduling enabling to post-schedule the PDSCH in the partial subframe. In this case, the LAA node will need to inform the scheduling carrier (on licensed band) in time in order to quickly change its PDCCH or EPDCCH content based on the possibility to have PDSCH in the partial subframe or in case the next option would be the next full subframe (which is a problem for LAA DL type of cross-carrier scheduling in general). 

The self-scheduling from the partial subframe containing PDSCH will not have this disadvantages as noted above and scheduling through PDCCH or EPDCCH would be possible in principle. The only drawback seen through scheduling from the same subframe is that DL cross-carrier scheduling would not be possible. But as discussed in the companion contribution [8], we anyhow suggest to utilize LAA DL self-scheduling as the main feasible scheduling method – considering eNB complexity as well as operational feasibility. The related suggested operation considering possible PDCCH or EPDCCH operation is shown in Figure 2. 

[image: image3.emf]

P

D

C

C

H

EPDCCH



TBS Fractional 

Subframe (Subf. #0)

P

D

C

C

H

EPDCCH



TBS Subrame#1

P

D

C

C

H

EPDCCH



TBS Subrame#2

Figure 3: Same-subframe self-scheduling of PDSCH in partial subframes.

The discussions and observations here lead us to the following related conclusion:

Proposal 3: In case data transmission including PDSCH is to be supported for LAA DL in partial subframes, the related DL grant is to be contained the partial subframe through same subframe (E)PDCCH self-scheduling. 
5
Feasibility of partial subframe data usage
In the previous sections, we discussed on how partial or fractional subframe usage could be done considering eNB and UE complexity overall.

But RAN1 might need to consider generically, if the needed additional specification impact, UE (implementation) complexity as well as additional complexity for the eNB compared to normal licensed band operation is worth all the effort, or if alternatively, data & control should only be allowed to start at the beginning of LTE subframes.

In Figure 4 (a) and (b), we show two examples here where in (a) the transmission from the slot boundary is possible and (b) where the transmission needs to start at the subframe boundary. 
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Figure 4a: Data & control transmission starting at the slot boundary (assuming a max. TxOP of 4ms)
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Figure 4b: Data & control transmission starting at the subframe boundary (assuming a max. TxOP of 4ms)

Note, that in case partial subframe transmission is possible, the eNB can based on the LBT basically select to either use 4a or 4b for transmissions depending on when the LBT success if given, whereas in case this is not enabled only transmissions similar to Figure 4b will be possible. 
A few things can be observed here:
· For both cases, the reservation signal overhead (i.e. the max. length of the reservation signal) needs to be limited anyhow. The same overhead can be realized by both operation modes (as indicated in Figures 4a and 4b). 

· There is no difference between the two modes in terms of (maximum) channel occupancy. For both cases some partial subframe at the end (similar to DwPTS) might be needed anyhow.
· On the pros side, there is the advantage of being able to grab the channel earlier as soon as it is available when enabling partial subframe PDSCH transmission. In contrast, not enabling PDSCH transmission in partial subframes at the beginning of a TxOP does not have this possibility and will therefore give more opportunities to a potentially competing unlicensed band technology (incl. WiFi) to grab the channel instead. 
· The advantage in terms of performance currently seems to be slightly unclear to us.
· On the cons side, the partial subframe PDSCH and control operation gets rather complicated for eNB & UE – more complicated than normal licensed band LTE operation. Taking this into account, one might ask if the induced complexity & related cost for LAA will thereby limit its deployments compared to the rather low-cost & complexity alternative of using WiFi instead for unlicensed bands. Considering the opportunistic usage & availability of unlicensed spectrum the cost/complexity/performance trade-off needs to be carefully considered.
Overall, we think that RAN1 might need to study the performance vs. complexity/cost tradeoff of enabling partial subframe data & control transmissions – and RAN1 should not rush in the SI phase to quick conclusions considering this potentially make or break feature for LAA operation and overall LAA feature success.
Proposal 4: RAN1 to study the performance vs. complexity/cost tradeoff of enabling partial subframe data & control transmissions, before deciding on supporting data transmission including PDSCH for LAA DL in partial subframes.
6
Conclusions
In this contribution we have discussed the usage of partial subframes for PDSCH and how to arrange the DL assignments for such partial subframe PDSCH usage. Based on the discussion we make the following observations and proposals:
· Observation 1: The eNB needs to prepare the PDSCH & (E)PDCCH for each hypothetical PDSCH starting point in the partial subframe in advance, resulting in increasing complexity for the LAA eNB when utilizing the partial subframe for data (i.e. PDSCH transmission).

· Observation 2: Distributing the potential starting points for data transmission (PDSCH & related control) as evenly as possible over the LTE subframe will minimize the induced maximum and average reservation signal overhead.
· Proposal 1: In case data transmission including PDSCH is to be supported for LAA DL in partial subframes, the following should be applied:

· Limit the potential data (PDSCH & related control) starting point in the partial subframe to a maximum of two possible starting points only
· The two starting points should be aligned with the respective subframe and slot boundaries. 

· Proposal 2: In case data transmission including PDSCH is to be supported for LAA DL in partial subframes, the PDSCH carried in the partial subframe should contain independent transport blocks from the following full LAA DL subframe. 

· Proposal 3: In case data transmission including PDSCH is to be supported for LAA DL in partial subframes, the related DL grant is to be contained the partial subframe through same subframe (E)PDCCH self-scheduling. 

· Proposal 4: RAN1 to study the performance vs. complexity/cost tradeoff of enabling partial subframe data & control transmissions, before deciding on supporting data transmission including PDSCH for LAA DL in partial subframes.
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