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1   Introduction
In LAA SI, the following options for PDSCH transmission were identified. 

· Option 1: A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe
· Option 2: A DL transport block is transmitted on a subset of the OFDM symbols in the DL subframe and all OFDM symbols in the next or the previous subframe
· Option 3: A DL transport block is transmitted on a subset of OFDM symbols in the DL subframe and a subset of the OFDM symbols in the next or the previous subframe within a TTI less than or equal to 1ms or in a subset or all OFDM symbols in one subframe


In RAN1#82, it was decided to exclude option 2 and further study options 1 and 3. 
In this document we discuss the design details for option 1 (partial TTI) and compare it with option 3 (floating TTI).

Design details related to UE reception of transmission bursts are discussed in companion contribution [1].
2   Discussion
2.1 Design details for supporting ‘partial TTI’ transmission
For Rel13 LAA, option 1 (‘partial TTI’) can be supported as follows

· eNB indicates to the UE (via RRC) to expect partial TTI transmissions on a given LAA Scell

· Separate RRC signalling can be used to independently enable/disable front-truncation and end-truncation of transmissions within subframes.
· Control signalling is transmitted as follows
· For PDCCH

· For the first subframe of a transmission burst (after successful LBT),

· PDCCH can start either in OFDM symbol 0, or in OFDM symbol 7.

· RE mapping for PDCCH transmission within OFDM symbol 7 is similar to that of PDCCH transmission in OFDM symbol 0. i.e., PDCCH is mapped taking into account REs corresponding to PCFICH and PHICH (if supported) 

· CFI can be fixed in the specification for PDCCH transmission in OFDM symbol 7.
· For other subframes in the transmission burst, PDCCH transmission is same as that in Rel12. 
· For EPDCCH

· For the first subframe of a transmission burst (after successful LBT),

· EPDCCH can start either in OFDM symbol 0, or in OFDM symbol 3.

· For other subframes in the transmission burst, EPDCCH transmission starts in OFDM symbol 0 
· If end-truncation of subframes is configured, for the last subframe of a transmission burst,

· EPDCCH can end either at OFDM symbol 13 or at OFDM symbol 9
.

· PDSCH is transmitted as follows

· For PDSCH scheduled using DCI associated with PDCCH

· PDSCH starts in OFDM symbol immediately following the last PDCCH symbol.

· If end-truncation of subframes is configured, the ending OFDM symbol for PDSCH transmission can be signaled via additional bit(s) in the DCI
· For PDSCH scheduled using DCI associated with EPDCCH

· The starting OFDM symbol for PDSCH transmission can be signaled via additional bit(s) in the DCI

· The ending OFDM symbol for PDSCH transmission is same as the ending OFDM symbol of corresponding EPDCCH transmission.

2.2 Comparison between ‘partial TTI’ and ‘floating TTI’ options
In some contributions (e.g. [2], [3]), a ‘floating TTI’ option was proposed.  We prefer option 1 (‘partial TTI’) compared to option 3 (‘floating TTI’) for the following reasons 
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Figure 1 UE HARQ turn-around time for option 1 vs. option 3.
1. Option 3 increases UE complexity by reducing the HARQ-turnaround time available for the UE to process PDSCH and prepare the HARQ-ACK for corresponding PUCCH transmission (Example shown in Figure 1). The reduction applies to every subframe in the transmission burst. The extent of reduction depends on the number of OFDM symbols that the first TTI starting in subframe ‘n’ is allowed to ‘float’ into subframe ‘n+1’. However, irrespective of the ‘floating value’ associated with a particular transmission burst, UE implementation should be designed to support the maximum allowed floating value (e.g.,  up to 1 slot). 
a. Figure 1 shows HARQ turnaround time with TA=0. However, the UE should be designed taking into account the worst case TA value that may be configured.  Complexity can be reduced to some extent by allowing the UE to assume a TA value close to 0us for LAA. Current RAN4 specifications test the UE’s ability to maintain peak data rate
 with EPDCCH decoding assuming a TA value up to 100us. Given this, any TA relaxation for LAA can result in a processing time saving of < 2 OFDM symbols. Since the reduction in processing time with floating TTI will be at least 7 OFDM symbols (worst case 13 OFDM symbols), the processing time savings via TA restriction will not be able to compensate that reduction. Also, TA restrictions should be avoided as much as possible since they inherently lead to restrictions on possible deployments. 
2. Option 3 results in increased power consumption for a UE configured with DRX, especially with EPDCCH based control channel monitoring.  For example, if a UE configured with 1ms on-duration wakes up from DRX during subframe n+1
, in order to monitor EPDCCH, the UE has to buffer I/Q samples in both subframe n+1 and n+2, effectively doubling the on-duration.
In addition to the above two reasons, option 3 also introduces other complications such as increased complexity for CSI measurements and additional complexity in transmission of DRS and PDSCH in the same subframe.

With regard to support for option 1 (‘partial TTI’), some contributions (e.g. [2], [4]) raised the issue of increased eNB implementation complexity. The complexity is associated with the eNB having to assume multiple TTI lengths for a given UE to prepare transmissions for the first subframe of a transmission burst. In our view, while supporting ‘partial TTI’ requires some changes to eNB implementation, the complexity increase can be ameliorated to a large extent by proper design choices (e.g. by allowing only two possible starting points as proposed in section 2.1). In addition to this, the eNB can also use other implementation related solutions such as scheduling fewer UEs in the starting subframe and picking conservative TBS values for the scheduled UEs.
Another aspect to consider for option 1 is robustness of PDCCH reception when CRS cannot be assumed for the entire subframe (and also adjacent subframes). As discussed earlier in [5] (some results copied in Annex A for convenience), PDCCH performance is reasonably robust (1%BLER at ~-4dB for 4CCEs and ~-6.5dB for 8CCEs) when CRS presence is assumed only in the symbols where actual PDCCH transmission occurs.
3    Conclusions

In this document we discuss DL transmission options for LAA and propose the following for supporting option 1 (“A DL transport block is only transmitted on a subset or all of the OFDM symbols in the DL subframe”).

· For PDCCH
· PDCCH can start in two possible starting locations – OFDM symbols 0 and 7 for the first subframe of a transmission burst.

· The ending OFDM symbol for PDSCH transmission can be signaled via additional bit(s) in the PDCCH DCI

· For EPDCCH

· EPDCCH can start in two possible starting locations – OFDM symbols 0 and 3 for the first subframe of a transmission burst.

· The starting OFDM symbol for PDSCH transmission can be signaled via additional bit(s) in the EPDCCH DCI
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Annex A (PDCCH vs EPDCCH comparison from [3])

Figure A1 below compares the performance of distributed EPDCCH with random precoding with legacy PDCCH for different aggregation levels for 43bits DCI format 0/1A. For legacy PDCCH, the same structure as in Rel-8 is assumed (with 4 port CRS) and CRS only in the control region is used for demodulating the PDCCH thereby corresponding to the lower CRS overhead mode associated with MBSFN subframe configuration. The PDCCH performance can also be considered to represent what can be achieved by blanking some of the subframes...  
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Figure A1: CSS: Legacy PDCCH and Distributed EPDCCH (random precoding), (E)CCE =  36REs, 4x2 FSTD, ETU5.

Note 1: Performance with 2 CRS antenna ports is expected to be with within ~0.6dB of the performance with 4 CRS antenna ports (shown above).

Note 2: The above results include PDP estimation from long term measurements. For LAA, such measurements can be obtained for example from discovery signals.
� Supporting end-truncation for EPDCCH would require the UE to split blind decodes for different EPDCCH ending positions.


� By ‘peak data rate’ we refer to the data rate tested in the sustained data rate test described in section 8.7.3/8.7.4 of 36.101 for 64QAM.


� Since RAN2 has agreed to retain common DRX configuration across carriers, the on-duration of the UE for LAA Scells is aligned with that of PCell within the 30.26us allowed time difference.
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