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1. Introduction
In RAN4 #69, further discussion was made regarding deployment scenario and demodulation performance requirement of intraband non-contiguous CA. For deployment scenario, following agreements were made. 
· Deployment scenario for Intra-band Non-contiguous CA has both collocated scenario and non-collocated scenario
· RAN4 will send LS to RAN2/RAN1 to reflect the Non-collocated scenario as one of the potential deployment scenario for not only inter-band CA but also for intra-band non-contiguous CA in 36.300.
· Timing offset between CCs with non-collocated scenario which a UE should cope with is TBD.
For demodulation performance requirements, preliminary agreement was made as
· RAN4 specifies the demodulation performance requirements for the collocated scenario and non-collocated scenario for intra-band non-contiguous CA in parallel
· Power Imbalance and Timing Offset are only considered in Non-collocated scenario
· The possibility to support 64QAM test case is TBD
Outstanding issues for performance requirements are summarized in [1]. 
· Whether power imbalance requirement should be defined in band agnostic or band dependent way. 
· Performance degradation due to timing offset.
In this contribution, we provide our view on pending issues and simulation results to evaluate the effect of timing offset on intraband non-contiguous CA demodulation. 
2. Power imbalance requirement
With non-collocated deployment of intraband non-contiguous CA, large power imbalance between CCs can be observed on UE receiver. When one CC has much higher power than other CC, demodulation performance of weaker CC can be degraded due to leakage from stronger CC. The amount of performance degradation will depend on gap between CCs as well as power imbalance. Note that the situation is quite similar to adjacent channel selectivity or in-band blocking requirements depending on gap between CCs. 
If we define power imbalance requirement in a band agnostic way, the requirement should be achievable by UEs operating in all intraband non-contiguous CA configuration with all possible gap between CCs. Defining such requirements seems undesirable as well as impossible. 
· We cannot consider all intraband non-contiguous CA configurations since CA configurations will be introduced in the future. 
· Gap between CCs could be widely varying. Band agnostic requirement should be defined based on smallest gap, which in turn will make the requirements too loose for CA configuration with larger gap.
· Blocking performance could be band dependent. If we have to define band agnostic requirement, it should be based on the requirement in a band with least stringent requirement. 
Based on these observation, we would like to propose following. 

Proposal 1. Power imbalance requirement should be defined in band dependent way and thus be specified in chapter 7 of 36.101. 
Proposal 2. Specification of band agnostic demodulation performance for intraband non-contiguous CA should focus on timing offset with small power imbalance between CCs. Small power imbalance to be assumed in demodulation performance test is TBD. 
3. Effect of timing offset
Non-collocated deployment of CA causes timing offset between CCs observed at UE receiver. The amount of timing offset depends on propagation delay difference between PCC cell and SCC cell. For inter-band CA, maximum possible timing offset of 30us was specified in 36.300 due to non-collocated deployment. Since, for inter-band CA, UE has independent receiver chain including LNA for each CC, there would be no performance impact as long as UE’s baseband implementation can handle such large timing offset. However, for intraband non-contiguous CA, shared LNA is used for CCs and thus demodulation performance can be degraded when LNA gain switching happens in the presence of large timing offset between CCs [2]. 
In [1], it was proposed that interested companies are to provide initial simulation results to see the tendency of performance degradation due to timing offset. Following simulation assumptions are discussed to align simulation from different companies. 
· Timing offset test points: 
· 0 us, 5 us, 10 us, 15 us, 20 us, 25 us, 30us
· Additional assumptions are considered as following
· Channel model: [EPA 70], [EPA 200], [EVA 70], [EVA 200] … , and 2x2 Low correlation 
· Transmission Mode : [TM3 rank 2]
· MCS:[ 5 (QPSK 1/3)], [20 (64QAM 1/2)]
· The receiver power level on each CC (ie. the maximum power imbalance between CCs, the total power level from both CCs) is TBD. Companies are encouraged to bring inputs with biggest performance impact. 
· LNA switching models are determined by each individual company.
3.1. Simulation results
Simulation was run to evaluate the effect of timing offset on demodulation performance of intraband non-contiguous CA. Simulation set up follows the one described in [1]. For other simulation set up, note that 

· MCS 26 is evaluated instead of MCS 5 since high MCS is more sensitive to RF impairments. 
· Modeled equal power dominant interfering cell with as well as serving cell. Per-SF on/off scheduling was assumed with 40% loading. 
Figure 1 shows simulation results for MCS 20 and MCS 26 in different propagation channel with varying timing offset. It can be seen that timing offset between CCs up to 30us has negligible effect on PDSCH demodulation performance in all considered propagation channel. We also evaluated the effect of interference loading but the tendency was same. Based on our simulation results we propose following. 
Proposal 3. Consider timing offset of 30us for intraband non-contiguous CA deployment. 
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(a) MCS 20
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(b) MCS 26

Figure 1. Demodulation performance of intraband non-contiguous CA in the presence of timing offset

4. Conclusions

In this contribution, we investigated pending issues on performance requirement for intraband non-contiguous CA. Based on our analyses and simulation results, we proposed following. 
Proposal 1. Power imbalance requirement should be defined in band dependent way and thus be specified in chapter 7 of 36.101. 

Proposal 2. Specification of band agnostic demodulation performance for intraband non-contiguous CA should focus on timing offset with small power imbalance between CCs. Small power imbalance to be assumed in demodulation performance test is TBD. 

Proposal 3. Consider timing offset of 30us for intraband non-contiguous CA deployment. 
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