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1. Introduction
In RAN4 #78, RAN4 had first discussion on LAA performance requirements and WF in [1] was agreed. In this contribution, we provide our view on open issues for LAA demodulation performance requirements. 
2. Discussion

2.1. CA framework

In Rel-13 LAA design, LAA cell in unlicensed spectrum can be configured only as SCell when Pcell is operating in licensed spectrum. Therefore, demodulation test for LAA can be specified only as CA demodulation test. In WF [1], following was agreed for CA framework. 
· Introduce new PDSCH tests in CA mode with one licensed CC
· Follow per-CC approach similar as that used for 3DL CA demodulation tests.
· Performance verification:
· Option 1: for LAA SCell only
· Option 2: for LAA Scell(s) and PCell
· The performance requirements are band agnostic and band combination agnostic. 
Table 1 shows CA bandwidth combination with LAA band specified in Rel-13. We can observe that 

· LAA CA configuration is defined only for 2 CC wherein one CC is in licensed band and the other CC is in unlicensed band, i.e., band 46. 
· For LAA band 46, only 20MHz system bandwidth is supported.

· Pcell can be in either FDD band or TDD band. 
Based on the observations, we would like to propose following CA framework for Rel-13 LAA performance requirement. 
Proposal 1. CA framework for Rel-13 LAA PDSCH demodulation requirements should cover following. 

· 1 Pcell and 1 LAA Scell

· Both FDD Pcell and TDD Pcell
· 20MHz system bandwidth in LAA Scell
Table 1. CA bandwidth combination for LAA band

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations (NOTE 4)
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-46A
	-
	1
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	46
	
	
	
	
	
	Yes
	
	

	
	
	30
	
	
	Yes
	Yes
	
	
	
	

	CA_2A-46A
	-
	2
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	46
	
	
	
	
	
	Yes
	
	

	CA_3A-46A
	-
	3
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	46
	
	
	
	
	
	Yes
	
	

	
	
	30
	
	
	Yes
	Yes
	
	
	
	

	CA_4A-46A
	-
	4
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	46
	
	
	
	
	
	Yes
	
	

	CA_7A-46A
	-
	7
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	46
	
	
	
	
	
	Yes
	
	

	CA_41A-46A
	-
	41
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	46
	
	
	
	
	
	Yes
	
	

	CA_42A-46A
	-
	42
	
	
	Yes
	Yes
	Yes
	Yes
	40
	0

	
	
	46
	
	
	
	
	
	Yes
	
	


In the future release, CA configuration will be extended to cover multiple CCs in both licensed and unlicensed bands. Since CA demodulation performance in licensed band is already verified by existing CA demodulation tests, it was agreed to limit CA configuration for LAA performance requirement to 1 CC in licensed band. Furthermore, it was also agreed that RAN4 would follow per-CC approach similar to that used for 3DL CA demodulation tests and performance requirements are band agnostic and band combination agnostic. Therefore, once Rel-13 requirement is introduced, extension to multiple LAA CCs in future release would be straightforward and would not require additional specification work in RAN4. 
Observation 1. When PDSCH demodulation performance requirement for 2 CC is introduced in Rel-13, extension to multiple LAA CCs in future release would be straightforward and would not require additional specification work in RAN4. 

One open issue is whether PDSCH throughput is measured on both Pcell and LAA Scells or only on LAA Scells. Considering that PDSCH throughput is measured in each CC independently in existing CA demodulation test, it would be natural to extend the same method in LAA demodulation test. In order to avoid additional specification work, we would like to propose to reuse CA TM3 demodulation test set up and CINR requirement for Pcell irrespective of LAA Scell TM configuration. 
Proposal 2.Verify PDSCH throughput on both Pcell and LAA Scells. For Pcell, reuse existing CA TM3 demodulation test set up and CINR requirement irrespective of LAA Scell TM configuration.  

2.2. LAA Scell transmission mode
For TM selection for LAA Scell, there was consensus that both CRS and DM-RS TM should be covered. For CRS TM, two options were identified in WF [1]. 
· Option 1: 
· TM3 for CRS-based transmission scheme
· Option 2: 
· TM3 and TM4 for CRS-based transmission scheme 
· TM3 and TM4 for different antenna configuration
According to WF [1], test purposes for LAA demodulation tests are identified as

· Verify the (e)PDCCH/PDSCH performance for bursty DL transmission that can be start at random subframe
· Verify AGC/FTL/TTL tracking loop and CRS channel estimation performance with bursty CRS transmission.
· Verify the (e)PDCCH/PDSCH performance when the channels are in the initial partial subframe if UE support demodulation of initial partial subframe
· Verify the (e)PDCCH/PDSCH performance when the channels are in the end partial subframe
With respect to test purposes, if TM3 or TM4 test is specified, we can assume all of identified test purposes were fulfilled. Therefore, specifying two test for CRS TM would be redundant. If channel estimation for CRS port 2/3 is a concern, we can configure 4 CRS port for CRS TM test. For CRS TM, good demodulation performance with 4 CRS ports would guarantee also good demodulation performance with 2 CRS ports. 
Proposal 3. For CRS TM, introduce TM3 test with 4x2 antenna configuration. 

For DM-RS TM, it was agreed to introduce TM9 test. For TM9 demodulation test, we need to clarify antenna configuration and precoding scheme. We would like to propose TM9 test with random precoding since
· Random precoding is used for most of TM9 demodulation test. 
· PDSCH throughput performance with PMI feedback would be hard to align due to random delay between PMI measurement and PMI feedback under bursty transmission configuration in LAA test setup. 
With random precoding, we would like to propose 2x2 antenna configuration for TM9 test so that both 2x2 and 4x2 antenna configuration is covered in LAA demodulation test. 
Proposal 4. For TM9 test, employ random precoding with 2x2 antenna configuration. For precoding, consider 1 PRG granularity in frequency domain and 1 ms granularity in time domain. 
In Rel-13 LAA design, MBSFN subframe can be configured by RRC signaling. Purpose of MBSFN subframe configuration is to reduce CRS overhead for DM-RS PDSCH transmission. Since RAN4 already agreed to modify TM9 demodulation test to verify PDSCH demodulation performance in MBSFN subframe, it would be redundant to configure MBSFN subframe also in LAA demodulation test. 

Proposal 5. MBSFN subframe is not configured in LAA Scell for both TM3 and TM9 demodulation tests. 

2.3. UE capability for initial and end partial SF

RAN1 discussed Rel-13 UE feature list and sent out LS [2]. Feature group 3-2 is for LAA end partial subframe support and feature group 3-3 is for LAA initial partial subframe support. RAN1 agreed to specify initial partial subframe support as optional feature but it is still TBD whether end partial subframe support would be mandatory or optional for LAA UE. Considering that demodulation of initial subframe is optional and demodulation of end partial subframe can also be optional depending on RAN1 decision, it would be desirable to define LAA demodulation test in a generic way so that LAA UE with different capabilities can be covered. 

When initial subframe is supported by UE, UE should be able to detect CRS port on either symbol 0 or 7. This can be verified by making TE select start symbol for initial subframe randomly from {0, 7}. When end partial subframe is supported by UE, UE should be able to determine end partial subframe type based on common PDCCH decoding and demodulate end partial subframe accordingly. This functionality can be verified by making TE select number of OFDM symbols in end subframe randomly from {3, 6, 9, 10, 11, 12, 14}. 
Proposal 6. Define LAA demodulation test in a generic way so that LAA UE with different capabilities regarding initial and end partial subframe demodulation can be covered. 

2.4. Burst transmission model
Multiple proposals for burst transmission model were discussed in RAN4 #78 and following options were captured in WF [1] as candidates for further investigation. 
· Option 1: Explicitly model LBT transmission (Ericsson, R4-160367)
· Option 2: Design a repeated burst transmission pattern. pre-define 8 types of burst pattern, after the previous burst transmission, randomly decide to chose which burst type out of 8 types (Huawei, R4-160742)
· Option 3: Define DL burst transmission model based on Poisson arrival process. Number of subframes in a transmission burst is chosen uniformly from {4,5,6,7,8}.  (QC, R4-160046)
We would like to note that, from UE demodulation point of view, which model is used for burst transmission does not make any difference. Therefore, we should compare different methodology in terms of specification work and TE implementation complexity. 
Option 1 requires explicit modeling of two LAA nodes and one WiFi node and LBT operation on each node in TE. For proper LBT operation, RAN4 should specify detailed LBT parameters including channel assess class for LAA node and LBT operation of WiFi node. Also, RAN4 needs to determine whether full buffer model is used or non-full buffer model is used for each node. If non-full buffer model is agreed, RAN4 also needs to agree on buffer utilization factor and traffic parameters. For TE implementation, it would require substantial amount of work to develop LBT algorithm that complies with RAN4 test specification. It would be very likely that different TE vendors might provide different LBT algorithm implementation and thus different burst transmission pattern. 
Option 2 is the simplest method among 3 proposals. However, burst pattern proposed in option 2 is rather limited in that
· Burst duration is always 8 ms

· Starting subframe of burst transmission periodic with 8 ms periodicity. 
For proper verification of LAA demodulation functionality with various burst transmission scenario, it would be desirable to specify burst transmission model that can generate more diverse burst transmission pattern than option 2. 
Option 3 generates burst transmission based on Poisson arrival process and can be described as 
· After burst transmission ends, in each subframe, TE generates a uniform random variable from [0, 1]. If random variable is less than p, burst is started from next subframe. Otherwise, TE waits until next subframe and repeats the same procedure. 
· For each burst transmission, TE determines burst parameters as below. 
· Select subframe length of the burst randomly from {4,5,6,7,8} with equal probability. 
· If initial partial subframe is supported by UE, select start symbol for initial subframe randomly from {0, 7} with equal probability. Otherwise, start symbol of initial subframe is always 0. 
· If end partial subframe is supported by UE, select number of OFDM symbols in end subframe randomly from {3, 6, 9, 10, 11, 12, 14} with equal probability. Otherwise, end subframe always has 14 OFDM symbols. 
Note that RAN4 needs to determine only parameter p to determine burst transmission density. Also, this method will allow TE to generate various types of burst with arbitrary gap between bursts. 
Proposal 7. Specify DL burst transmission model based on Poisson arrival process. 

2.5. DRS configuration

DRS is transmitted in LAA Scell for RRM measurement purpose. For activated LAA Scell, DRS can be used to help synchronization when burst transmission is sparse. However, when there are frequent burst transmissions, it is not critical to rely on DRS for AGC/FTL/TTL operation. Also, when DRS is included in the transmission burst, CRS scrambling is same as subframe 0 and 5. The only difference would be existence of CSI-RS configured for RRM purpose, which would require additional PDSCH rate matching. 
Proposal 8. Configure DRS with following parameters.

· DMTC period is 80ms

· DRS is transmitted in every DMTC window. 
· CSI-RS for RRM purpose is configured in DRS. 
2.6. Control channel configuration
For PDSCH demodulation, UE first needs to decode DL control channel to extract PDSCH scheduling information. Therefore, we can assume that functional aspect of control channel demodulation is implicitly verified through PDSCH demodulation test. For any new feature, RAN4 introduces control channel demodulation performance requirement only when support of new feature leads to completely different control channel demodulation performance that can not be verified by requirements. One example is 4 Rx UE, for which RAN4 specified new control channel performance requirements. 
For LAA SCell demodulation, UE receiver processing for control channel demodulation is same once UE detects burst based on symbol 0 CRS port detection. Burst transmission could have some impact on tracking loop and CRS channel estimation. However, we can verify these aspect by PDSCH demodulation test. 
Proposal 9. Implicitly verify PDCCH and EPDCCH demodulation functionality via PDSCH demodulation tests.

When UE demodulate PDSCH in initial partial subframe, RE mapping for PDCCH/EPDCCH is different from legacy subframe. Therefore, it would be desirable to verify both PDCCH and EPDCCH processing in initial partial subframe when UE supports EPDCCH. This can be achieved by configuring EPDCCH with monitoring subframe pattern via subframePatternConfig-r11 so that both PDCCH and EPDCCH can be used for PDSCH scheduling depending on subframe number for initial partial subframe. Note that PDSCH allocation also needs to be adjusted to make room for EPDCCH set. 
Proposal 10. For UE supporting EPDCCH, configure EPDCCH with subframePatternConfig-r11 so that either PDCCH or EPDCCH is used for PDSCH scheduling in initial partial subframe. 
2.7. Simulation results
Simulation was run to evaluate PDSCH demodulation performance in LAA Scell with bursty transmission. Burst transmission is modeled as Poisson arrival process as proposed in section 2.4 with p=0.2. Figure 1 shows simulation results with following simulation parameters. 
· 20MHz system bandwidth 

· TM3 rank 2 PDSCH for CRS TM and TM9 rank 1 PDSCH for DM-RS TM

· MCS 14 for 16QAM ½ and MCS 20 for 64QAM ½
· 4x2 antenna configuration for TM3 test and 2x2 antenna configuration for TM9 test

· EVA5 Low correlation channel

· Full subframe is used in both initial and end partial subframe. 

From the simulation results, we can observe that UE can reliably detect burst based on CRS port detection on symbol 0 and then provide good PDSCH demodulation performance.
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Figure 1. PDSCH demodulation performance with bursty transmission
3. Conclusions

In this contribution, we provided our view on open issues for LAA demodulation performance requirements and initial simulation results for PDSCH demodulation test. Based on our analyses, we made following observations and proposals. 

Observation 1. When PDSCH demodulation performance requirement for 2 CC is introduced in Rel-13, extension to multiple LAA CCs in future release would be straightforward and would not require additional specification work in RAN4. 

Proposal 1. CA framework for Rel-13 LAA PDSCH demodulation requirements should cover following. 

· 1 Pcell and 1 LAA Scell

· Both FDD Pcell and TDD Pcell

· 20MHz system bandwidth in LAA Scell

Proposal 2.Verify PDSCH throughput on both Pcell and LAA Scells. For Pcell, reuse existing CA TM3 demodulation test set up and CINR requirement irrespective of LAA Scell TM configuration.  

Proposal 3. For CRS TM, introduce TM3 test with 4x2 antenna configuration. 

Proposal 4. For TM9 test, employ random precoding with 2x2 antenna configuration. For precoding, consider 1 PRG granularity in frequency domain and 1 ms granularity in time domain. 

Proposal 5. MBSFN subframe is not configured in LAA Scell for both TM3 and TM9 demodulation tests. 

Proposal 6. Define LAA demodulation test in a generic way so that LAA UE with different capabilities regarding initial and end partial subframe demodulation can be covered. 

Proposal 7. Specify DL burst transmission model based on Poisson arrival process. 

Proposal 8. Configure DRS with following parameters.

· DMTC period is 80ms

· DRS is transmitted in every DMTC window. 

· CSI-RS for RRM purpose is configured in DRS. 

Proposal 9. Implicitly verify PDCCH and EPDCCH demodulation functionality via PDSCH demodulation tests.

Proposal 10. For UE supporting EPDCCH, configure EPDCCH with subframePatternConfig-r11 so that either PDCCH or EPDCCH is used for PDSCH scheduling in initial partial subframe. 

References

[1] R4-161182, “Way forward on demodulation performance and CSI requirements for LAA”, Huawei, HiSilicon, Ericsson, Qualcomm, Intel, Samsung, TSG-RAN4 #78, Feb, 2016
[2] R1-161547, “LS on LTE Rel-13 UE feature list”, NTT DOCOMO, TSG-RAN1 #84, Feb, 2016

8
4

