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1. Introduction
In RAN4 #79, RAN4 continued discussion on LAA performance requirements and WF in [1] was agreed. One outstanding issue is whether RAN4 needs to specify separate PDCCH/EPDCCH demodulation performance requirement. WF [1] has following agreement for control channel performance verification. 
· (e)PDCCH performance verification:
· Option 1: Explicitly
· Option 2: Implicitly verify the (e)PDCCH performance via PDSCH tests
Note: Companies to bring simulation results to assess PDCCH and PDSCH performance for potentially wrong UE implementation.

In this contribution, we provide analyses on the need for separate PDCCH demodulation test. 
2. PDCCH demodulation performance with possible bad UE implementation
Main motivation from the proponent of explicit control channel performance test is that PDSCH demodulation test that is supposed to be defined at relatively high CINR might not be able to rule out bad UE implementation of control channel demodulation. Following examples are provided as possible bad implementation in [2]. 
· Bad Implementation 1: In order to handle the AGC problem, some algorithm of bad implementation may use the first OFDM symbol for AGC adjustment and other OFDM symbols for PDCCH decoding (just like the receiver used in D2D side link); 
· Bad Implementation 2: Some algorithm of bad implementation may not proper handle the first OFDM symbols, and large clipping error or quantization error may happen due to improper AGC handling. 
· Bad Implementation 3: Some algorithm may use legacy time domain filter for PDCCH decoding 
We will provide our analyses on possible bad UE receiver implementation. 
2.1. AGC based on first OFDM symbol in LAA burst
Bad implementation 1 and 2 address the same issue of how UE should implement AGC for LAA burst demodulation. It is assumed that UE can potentially rely on fast AGC algorithm based on first OFDM symbol of LAA burst. Fast AGC algorithm consists of RSSI measurement on first OFDM symbol of LAA burst and subsequent AGC gain adjustment before start of second OFDM symbol. Fast AGC algorithm was assumed as baseline receiver for D2D sidelink. 
For D2D sidelink demodulation, use of fast AGC algorithm is inevitable since path loss and corresponding received signal power of potential sidelink is unpredictable when any D2D peer UE in the proximity of target UE can transmit sidelink. Furthermore, performance degradation from consuming first OFDM symbol for AGC is incremental since fist OFDM symbol of sidelink is occupied only by data tones. There would be slight increase in code rate and less than 1dB degradation in sidelink demodulation performance. 
On the other hand, for LAA downlink, downlink burst is always transmitted by eNB similar to Rel-8 LTE though burst transmission is discontinuous and random instead of continuous. UE can still rely on slow AGC based on long term RSSI measurement instead of fast AGC for better performance. Though slow AGC in LAA demodulation might need to cover larger receiver dynamic range due to dynamic power allocation across LAA burst, fast AGC should not be considered as viable option for LAA demodulation due to following reason. 
· If first OFDM symbol is consumed for RSSI measurement for fast AGC, CRS channel estimation will be affected. It will lead to significant performance degradation in both PDCCH and CRS-based PDSCH demodulation. 
· If first OFDM symbol is consumed for RSSI measurement for fast AGC, UE cannot rely on first OFDM symbol for CRS port detection. This implies that UE should use fourth OFDM symbol for CRS port detection, which is not desirable since it will lead to delay in receiver processing timeline. 
In order to verify the effect of potential first OFDM symbol corruption due to fast AGC implementation, we ran simulation for PDSCH and PDCCH demodulation test. Following configuration was used in the simulation. 
· Each LAA burst consists of 4 full subframe with one subframe gap between burst. 
· 2x2 antenna configuration with EVA5 low correlation channel is used as propagation channel.
· For PDSCH, fixed MCS scheduling is used with TM3 16QAM ½. 
· CFI=2 for control region. 

· DCI2 with aggregation level 2, 4 and 8 is used for PDSCH scheduling. 
· PDCCH demodulation error leads to PDSCH demodulation error
Figure 1 shows PDCCH demodulation performance with good and bad UE implementation. Good UE implementation uses slow AGC with no corruption in first OFDM symbol of LAA burst. Bad UE implementation uses fast AGC that leads to first OFDM symbol corruption in each LAA burst. We can observe that, for bad UE implementation, PDCCH BLER is saturated at 25% since UE cannot decode PDCCH in first subframe of LAA burst. When there is corruption in first OFDM symbol due to fast AGC, CRS channel estimation is messed up in first subframe, which leads to 100% BLER in PDCCH demodulation. 
Observation 1. With fast AGC, 100% BLER is observed in first subframe in LAA burst. 
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Figure 1. PDCCH demodulation performance with slow and fast AGC
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Figure 2. PDSCH demodulation performance with slow and fast AGC

Figure 2 shows PDSCH throughput performance with slow and fast AGC. We can observe that 100% PDCCH BLER in first subframe of LAA burst leads to significant performance degradation in PDSCH demodulation performance. There is further degradation in PDSCH throughput due to CRS channel estimation corruption, which can even affect second subframe of LAA burst. Impact on second subframe can be mitigated if UE excludes first symbol from CRS channel estimation. 
Observation 2. If UE implements fast AGC, there is significant degradation in PDSCH demodulation performance. Therefore, PDSCH demodulation test can rule out fast AGC implementation for LAA demodulation. 
2.2. CRS Channel estimation with burst transmission

Bad implementation 3 seems to imply potentially wrong time domain channel estimation filter implementation for LAA demodulation. In our view, CRS channel estimation with discontinuous CRS transmission is not new for LTE receiver design. From Rel-8, LTE UE should be able to handle CRS channel estimation with discontinuous CRS transmission in following scenarios. 
· TDD frame structure with different UL-DL configuration

· MBSFN subframe configuration

CRS channel estimation filter design for first subframe of LAA burst is exactly same as first DL subframe in TDD. Irregular CRS symbol spacing with MBSFN subframe configuration also requires UE to design adaptive time domain filter for CRS channel estimation. Therefore, it is unreasonable to assume that UE will have bad implementation of time domain filter for CRS while it has good implementation for TDD. 
Observation 3. Time domain filter for CRS channel estimation with discontinuous/irregular CRS symbol was already verified in existing TDD and MBSFN subframe test. 

3. Conclusions

In this contribution, we provided our analyses on the need for separate PDCCH demodulation test in LAA. Our observations are

 Observation 1. With fast AGC, 100% BLER is observed in first subframe in LAA burst. 

Observation 2. If UE implements fast AGC, there is significant degradation in PDSCH demodulation performance. Therefore, PDSCH demodulation test can rule out fast AGC implementation for LAA demodulation. 

Observation 3. Time domain filter for CRS channel estimation with discontinuous/irregular CRS symbol was already verified in existing TDD and MBSFN subframe test. 

Based on these observation, we would like to propose

Proposal 1. It is not necessary to introduce separate PDCCH demodulation test in LAA. 
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