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1. Introduction
As RAN1 completed LAA (licensed assisted access) WI in Anaheim meeting, RAN4 is supposed to start work on UE performance requirements from RAN4 #78. Since this is first RAN4 meeting for UE performance requirements, RAN4 should identify set of LAA DL transmission features that can impact UE demodulation and CSI functionality and performance. In this contribution, we will review key LAA design for DL transmission and summarize UE receiver requirements to guarantee reliable operation in LAA network. Also, we will propose test framework to verify UE functionality and performance for PDSCH demodulation and CSI feedback. 
2. Discussion

2.1. LAA RAN1 design
In Rel-13, LAA is designed as SDL (supplementary downlink) with DL only transmission for Scell operating in unlicensed spectrum while Pcell in licensed spectrum provides anchoring cell function. This implies that Pcell in licensed spectrum provides all RRC signaling and uplink control channel functionality while only DL data is transmitted in Scell in unlicensed spectrum. 
LAA Scell should follow LBT (listen before talk) procedure before DL transmission. RAN1 agreed to use Cat 4 LBT with CCA (clear channel assess). Also, DL transmission is supposed to be limited to certain duration depending on LBT priority class and regulatory requirement in different region. This basically implies that, from UE demodulation point of view, DL transmission in LAA Scell is bursty with random starting position of transmission burst. DL transmission for Rel-13 LAA has following characteristics. 
· DRS (discovery reference signal) is transmitted for RRM measurement and coarse time/frequency synchronization in UE.
· DRS consists of PSS/SSS/CRS and optionally CSI-RS and transmitted in one subframe. 

· When DRS is transmitted within DMTC without PDSCH multiplexing, subframe location for DRS can be floating within DMTC window depending on LBT at eNB. 
· DRS can be transmitted simultaneously with PDSCH in SF 0 and 5 of DL transmission burst. 
· In DL transmission burst, CRS in symbol 0 is transmitted in every subframe. 
· UE can identify DL transmission in each subframe by detecting the presence of CRS in symbol 0

· MBSFN subframes are configured by RRC in LAA Scell.
· 8 subframes can be configured as MBSFN subframe in one radio frame. 
· SF 0 and 5 cannot be configured as MBSFN subframe since DRS is transmitted in SF 0 and 5.

· When a SF is configured as MBSFN subframe, eNB can transmit TM9/10 unicast PDSCH in the subframe. 

· In MBSFN subframe, CRS is still transmitted in symbol 0 and thus can be used for subframe detection. 

· Initial partial subframe is specified for LAA Scell
· eNB can configure starting OFDM symbol for initial subframe as {0} or {0, 7}
· Initial partial subframe occupies only second slot of a subframe. 
· When initial partial subframe is configured in LAA Scell, UE should perform CRS port detection for both symbol 0 and symbol 7. 

· PDCCH/PDSCH/PCFICH/PHICH/EPDCCH resource mapping is same as the first slot of LAA regular subframe
· CSI-RS/CSI-IM are not present in initial partial subframe. Initial partial subframe cannot be used for CSI measurement. 
· UE determines the TBS size for starting partial subframe in the same way as in full subframe.
· UE does not use PHICH but rate matches around the PHICH resources. 

· MBSFN subframe configurations does not apply to initial subframe. 
· End partial subframe is specified for LAA Scell

· End partial subframe is introduced to satisfy Tx transmission burst duration constraint or to provide a gap for UL LBT in Rel-14. 
· DwPTS configuration with 3, 6, 9, 10, 11, 12 OFDM symbols is used as end partial subframe. End subframe can be also full subframe. 
· PSS/SSS is transmitted in end subframe if number of OFDM symbols is 12 or 14. 
· CSI-RS/CSI-IM are not present in end partial subframe. End partial subframe cannot be used for CSI measurement. 

· MBSFN subframe configurations does not apply to end subframe. 

· eNB signals DwPTS configuration of end subframe n in subframe n-1 and subframe n by common DCI signaling with DCI format 1C. 
· CSI reference subframe

· A subframe is not valid CSI subframe if it is not part of a transmission burst.

· Initial partial subframe and end partial subframe are not valid CSI subframe.
2.2. Impact on UE receiver implementation

Compared to conventional Scell demodulation in CA, main change in UE implementation for LAA is handling of bursty DL transmission that can start at random subframe and may include initial and end partial subframe. Since UE does not know in advance on which subframe DL transmission burst starts, UE should monitor CRS port for LAA DL transmission in each subframe. When LAA Scell does not configure initial partial subframe, UE may monitor CRS ports only on symbol 0. However, UE should monitor CRS ports on both symbol 0 and symbol 7 when LAA Scell configures initial partial subframe. Once initial subframe is detected, UE can continue demodulation of DL transmission burst until end subframe is detected. UE can determine end subframe by common DCI signaling. 
Observation 1. LAA UE should be able to demodulate bursty DL transmission that can start at random subframe and may include initial and end partial subframe.
Another challenge for UE receiver processing is lack of continuous CRS transmission. In Rel-12 UE receiver design, UE relies on CRS for AGC/FTL/TTL loop tracking. In LAA, UE might rely on DRS for coarse AGC/FTL/TTL tracking but even DRS transmission is subject to LBT procedure at eNB and thus is not guaranteed to be transmitted. Bursty transmission of CRS would also impact CRS channel estimation performance. 

Observation 2. Lack of continuous CRS transmission would impact AGC/FTL/TTL tracking loop and CRS channel estimation performance. 

In Rel-13 LAA, CSI reporting is transmitted via UL in Pcell in licensed band. On LAA Scell, UE measures CSI. For CSI measurement, there are a few changes relative to Rel-12 UE behavior. 
· UE can measure CSI only in a SF within transmission burst. 

· UE should not measure CSI in initial and end partial subframes. 
Observation 3. UE should measure CSI only in a full subframe within transmission burst. 
Based on these observations, test purpose for LAA demodulation and CSI performance requirements can be summarized as below. 
Proposal 1. Test purposes of LAA demodulation performance requirements are
· Verify PDSCH demodulation performance for bursty DL transmission that can start at random subframe. 

· Verify PDSCH demodulation performance of intial partial subframe if UE support demodulation of initial partial subframe. 

·  Verify PDSCH demodulation performance of end partial subframe. 

· Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance with bursty CRS transmission. 
Proposal 2. Test purposes of LAA CSI performance requirements are

· Verify that UE measures CSI only in a SF within transmission burst. 
2.3. PDSCH demodulation test framework
For PDSCH demodulation test for LAA UE, fixed MCS PDSCH demodulation test in fading channel with bursty transmission would achieve all of the test purpose. Here’s high level framework for PDSCH demodulation test with bursty DL transmission. 
· One TM3 test and one TM9 test are defined to cover PDSCH demodulation performance of CRS and DM-RS TM. 
· For TM3, FRC is defined to have rank 2 transmission with 64QAM to cover medium to high CINR operation. For TM9, FRC is defined to have rank 1 transmission with QPSK to cover low CINR operation. 

· Define DL burst transmission model based on Poisson arrival process such that one DL transmission burst is transmitted once in 20ms on the average. Number of subframes in a transmission burst is chosen uniformly from {4,5,6,7,8}. 
· Initial subframe can be full or partial subframe with equal probability. 
· End subframe can have {3,6,9,10,11,12,14} OFDM symbols with equal probability. 

· DMTC period is set to 80ms. DRS is transmitted in every DMTC window. 

· DL transmission bursts have same power across transmission burst. 
· EPA5 Low correlation channel with 2x2 antenna is configured between eNB and UE. 

· Performance requirement is defined as CINR to achieve 70% peak throughput. 
Proposal 3. Consider TM3 and TM9 PDSCH demodulation test in fading channel with bursty DL transmission and initial and end partial subframe. 
2.4. CSI test framework
CQI test with bursty DL transmission can be considered to verify new CSI reporting behavior of LAA UE. Here’s high level framework for CQI test. 

· TM3 and TM9 CQI definition test is used as baseline to verify CRS and CSI-RS based CQI feedback.
· Define DL burst transmission model based on Poisson arrival process such that one DL transmission burst is transmitted once in 20ms on the average. Number of subframes in a transmission burst is fixed to 8.

· Initial and end subframe are full subframes. 
· DMTC period is set to 80ms. DRS is transmitted in every DMTC window. 
· Aperiodic CSI feedback is triggered in the initial subframe of each transmission burst.
· Static channel with 2x2 antenna is configured between eNB and UE.

· CQI distribution and BLER criteria are used as test metric similar to existing CQI definition test. 
Proposal 4. Consider TM3 and TM9 CQI definition test with bursty DL transmission. 

3. Conclusions

In this contribution, we reviewed LAA design for DL transmission and analyzed its impact on UE receiver design. Based on our analyses, we made following observations and proposals. 

Observation 1. LAA UE should be able to demodulate bursty DL transmission that can start at random subframe and may include initial and end partial subframe.

Observation 2. Lack of continuous CRS transmission would impact AGC/FTL/TTL tracking loop and CRS channel estimation performance. 

Observation 3. UE should measure CSI only in a full subframe within transmission burst.. 

Proposal 1. Test purposes of LAA demodulation performance requirements are

· Verify PDSCH demodulation performance for bursty DL transmission that can start at random subframe. 

·  Verify PDSCH demodulation performance of initial and end partial subframe. 

· Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance with bursty CRS transmission. 

Proposal 2. Test purposes of LAA CSI performance requirements are

· Verify that UE measures CSI only in a SF within transmission burst. 

Proposal 3. Consider TM3 and TM9 PDSCH demodulation test in fading channel with bursty DL transmission and initial and end partial subframe. 

Proposal 4. Consider TM3 and TM9 CQI definition test with bursty DL transmission. 
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