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1. Introduction
In RAN4 #80, there was big progress in LAA demodulation performance work and following CRs were approved. 
· R4-167159
Introduce signal Model for LAA test
· R4-166820
CR for introducing LAA PDSCH demod performance (Rel-13)
· R4-167034
CR for reference channel for LAA demodulation performance (Rel-13)
· R4-166781
Introduce PDCCH test for LAA demodulation
For the finalization of performance WI in Rel-13, following issues need to be resolved. 

· Determine CINR requirement for PDSCH and PDCCH demodulation tests

· Determine timing offset between PCell and LAA SCell
In Rel-13, LA demodulation requirements are limited to 2 CC case with 1 PCell and 1 LAA SCell. As more CA configurations are introduced for LAA in Rel-14, RAN4 needs to start discussion on how LAA demodulation tests can be extended to CA configurations with multiple LAA SCells. 
In this contribution, we provide simulation result for PDCCH demodulation test based on revised simulation assumption in [1] and our view on remaining issues. 

2. Remaining issues
2.1. Timing offset
In RAN4 #80, RAN4 had further discussion for timing offset in LAA demodulation test but compromise cannot be reached. At least, companies seemed to agree that LAA UE should be able to handle large timing offset of 30us to support inter-band non-collocated CA deployment. However, there was different understanding on the need to verify this aspect in LAA demodulation test. 
· View 1: Since UE is required to meet TM1 CA demodulation test with 30us timing offset, it is not necessary to test same aspect again in LAA demodulation test. RAN4 can consider 30us timing offset in LAA demodulation test for LAA UEs does not support legacy inter-band CA

· View 2: Timing offset handling in legacy CA and LAA can be different. 30us timing offset should be configured at least in one LAA demodulation test. 
On the other hand, in Rel-14 eLAA discussion, RAN1 agreed not to specify RACH procedure in LAA UL. In eLAA RRM discussion in RAN4 #80, CRs were agreed with following clarification for UL transmission in LAA SCell. 
The UE supporting carrier aggregation with FS3 SCells with Frame Structure 3 shall use be configured with one pTAG. The pTAG shall contain the PCell and may also contain up to four FS3 SCells, if configured. In pTAG, UE shall use the PCell as the reference cell for deriving the UE transmit timing for FS3 SCells in the pTAG. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements. The requirements in clause 7 apply to pTAG.

For UEs supporting CA with FS3 SCells, the random access procedures can only be carried out on PCell.

These agreements in RAN1 and RAN4 effectively mandate LAA deployment to maintain small timing offset. If there is 30us propagation delay in PCell but almost 0us propagation delay in LAA SCell, as shown in figure 1, UL transmission timing in PCell will have 60us timing advance. Since UL transmission in LAA SCell should follow PCell UL timing, UL signal in LAA SCell will be received at eNB with 30us timing offset relative to LAA DL reference timing, which will cause large performance degradation due to ICI. The only way to avoid UL performance degradation in LAA SCell is to maintain small timing offset in downlink. 
Observation 1. In Rel-14 eLAA, PCell is used as reference for UL timing in LAA SCell. 
Observation 2. Network should maintain small DL timing offset to avoid UL performance degradation in LAA SCell. 
Though Rel-13 LAA design is targeted for CA SDL (supplementary downlink) with DL only transmission, it is natural to assume that same network deployment should be able to evolve into Rel-14 eLAA network that supports both DL and UL transmission in LAA SCell. 
Proposal 1. RAN4 should assume small downlink timing offset between PCell and LAA SCell in LAA deployment. 
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Figure 1. LAA DL/UL transmission/reception timing with 30us timing offset between PCell and SCell
2.2. LAA demodulation test with >2 CCs
In Rel-13, RAN4 specified LAA CA configuration with 1 cell in licensed band and 1 cell in unlicensed band. In Rel-14 and forward, RAN4 will introduce LAA CA configuration with >2 CCs with multiple CCs in both licensed and unlicensed band. LAA demodulation tests need to be extended to support various LAA CA configuration in a way similar to CA demodulation test. Since RAN4 already took per-CC approach when defining LAA demodulation test, extension for multiple CCs will be straightforward. 
One issue RAN4 needs to consider is how to extend CA configuration for LAA demodulation test. 
Option 1: Extend CCs only in unlicensed band while keeping one CC in licensed band
· CA demodulation performance with multiple CCs are already tested in CA demodulation test
· It is simpler to extend LAA demodulation test only for licensed CC
Option 2: Extend CCs both in licensed and unlicensed band
· In some UE implementation, maximum CA capability can be achieved only in LAA CA configuration

· Specification becomes more complicated
We prefer option 1 to simplify RAN4 work. Option 2 can be considered in the future in case RAN4 observe UE implementation with maximum CA capability only in LAA CA configuration. 
Proposal 2. Extend LAA demodulation test by increasing CCs only in unlicensed band while keeping one CC in licensed band.
3. Simulation results for PDCCH demodulation test

Simulation was run for PDCCH demodulation performance in LAA SCell according to simulation assumption in table 1. Figure 2 shows simulation results for (a) full subframe only case and (2) full subframe + end partial subframe case. Table 2 summarizes impairment results for CINR to achieve 1% BLER. 

Table 1: The parameters for PDCCH (Scells)
	Parameter
	Unit
	Value

	Downlink power allocation
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	dBm/15kHz
	-98

	Propagation condition
	
	EVA5

	Correlation matrix
	
	2x2 Low

	Number of CCE
	
	4

	Format 2A
	bits
	48 (not included CRC)

	PDSCH transmission mode
	
	2
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NOTE 2:
PUCCH format 1b with channel selection is used to feedback ACK/NACK for Tests in Table 8.2.1.3.1-4, PUCCH format 3 is used to feedback ACK/NACK for Tests in Table 8.2.1.3.1-6.
NOTE 3:
The same PDSCH transmission mode is applied to each component carrier.


Table 2. Impairment results for CINR to achieve 1% PDCCH BLER

	
	Full subframe only
	Full subframe + end partial subframe

	CINR (dB)
	-0.7
	-0.2
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LAA PDCCH, AL=4, EVA5L, Full SF only
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Figure 3. LAA PDCCH demodulation performance
4. Conclusions

In this contribution, we provided simulation result for PDCCH demodulation test and our view on remaining issues. Our observations and proposals are 

Observation 1. In Rel-14 eLAA, PCell is used as reference for UL timing in LAA SCell. 

Observation 2. Network should maintain small DL timing offset to avoid UL performance degradation in LAA SCell. 

Proposal 1. RAN4 should assume small downlink timing offset between PCell and LAA SCell in LAA deployment. 

Proposal 2. Extend LAA demodulation test by increasing CCs only in unlicensed band while keeping one CC in licensed band.
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