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End partial subframes and UL grants
1.1
End partial subframes in Rel-13
For Rel-13 LAA serving cells, the eNB may use end partial subframes of duration 3,6,9,10,11 and 12 symbols. The eNB may schedule DL data in partial subframes of duration 6, 9, 10, 11 and 12 subframes and the UE is expected to process physical channels other than PDCCH if and only if it receives an indication of the type of the end partial subframe in the CPDCCH in an earlier subframe. This implies that a UE is ‘effectively’ not required to process end partial subframes if it does not receive an early indication of the partial subframe type. 
It can thus be inferred that the eNB does not obtain much benefit by sending standalone end partial subframes in Rel-13 LAA without any transmissions in the previous subframe and the UE can ignore processing standalone end partial subframes. 
Observation 1: In Rel-13, the minimum size of the end partial subframe that carries useful information to the UE is 6 symbols. End partial subframe with 3 symbols is not useful in Rel-13.
Observation 2: UE is not required to process standalone end partial subframes.
1.2 
End partial subframes in Rel-14

In Rel-14 LAA, it was agreed that the end partial subframes could carry UL grants even if there was no indication of the type of end partial subframe in an earlier subframe. 
If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n, and the UE does not detect PDCCH with DCI CRC scrambled by CC-RNTI in subframe n-1, and if the number of occupied OFDM symbols for subframe n indicated by the Subframe configuration for LAA field in subframe n is less than 14, the UE is not required to receive any other physical channels in subframe n except for PDCCH with DCI format 0A/0B/4A/4B if configured.
The above statement implies that independent on whether the eNB did or did not transmit in subframe n-1, if the UE did not detect CPDCCH in subframe n-1 (If the eNB transmitted, the UE may not have not detected the CPDCCH and if the eNB did not transmit then UE does not detect anything), the UE is expected to process PDCCH in the end partial subframe in subframe n for UL grants. 
Observation: UE is required to process standalone end partial subframes in LAA. 
1.3 
Impact on PDCCH processing

In Rel-13 LAA, due to the fact that a 3 symbol end partial subframe cannot be used for PDSCH transmissions (and if present, is the end of transmission and hence all the channel and interference estimates have to be reset anyway), a UE can reasonably assume CRS presence in at least symbol 0 and 4 for PDCCH channel estimation. The UE may also be able to utilize the CRS channel estimates in the previous subframe to improve PDCCH detection performance (Note: As discussed in Section 1.1, a standalone end partial subframe in Rel-13 is not particularly useful for the eNB and the UE and is not expected by the UE in general). This applies even if the UE does not receive the type of end partial subframe in the CPDCCH of the previous subframe. 
However, in Rel-14 LAA, the UE may receive a UL grant in a stand-alone end partial subframe with a duration of 3 symbols. Thus, the UE can utilize only assume one CRS symbol for PDCCH channel estimation in all scenarios if the UE does not receive an indication of the number of symbols in the current subframe in the previous subframe. This can significantly impact the PDCCH decoding performance not just in end partial subframes but in all subframes in which the UE does not receive an early indication of the subframe type. 
To overcome this significant PDCCH performance degradation, we propose that UL DCIs can only be sent in an end partial subframe with at least 6 symbols. This allows the UE to use at least 2 CRS symbols for PDCCH channel estimation thus regaining some of the performance loss. 
Proposal: 
1. The UE can assume that the end partial subframe is at least 6 symbols long for processing UL DCIs.
The corresponding change in the spec is as follows:

If a UE detects PDCCH with DCI CRC scrambled by CC-RNTI in subframe n, and the UE does not detect PDCCH with DCI CRC scrambled by CC-RNTI in subframe n-1, and if the number of occupied OFDM symbols for subframe n indicated by the Subframe configuration for LAA field in subframe n is less than 14, 

· the UE is not required to receive any other physical channels in subframe n except for PDCCH with Format DCI Format 0A/0B/4A/4B if configured, if the number of occupied OFDM symbols for subframe n indicated by the Subframe Configuration for LAA field in subframe n is greater than or equal to 6.
· the UE is not required to receive any other physical channels in subframe n, if the number of occupied OFDM symbols for subframe n indicated by the Subframe Configuration for LAA field in subframe n is less than 6.

A companion CR describing these changes is in [1].
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