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1. Introduction
In previous RAN4 meetings, several companies provided contributions on receiver timing window requirement for intraband non-contiguous CA [1-4].  Main issue is whether RAN4 should assume large timing offset of 30.3us between PCC and SCC in CA demodulation tests for intraband non-contiguous CA UE. Since this question is directly related to deployment scenario for intraband non-contiguous CA and UE receiver implementation, it is crucial to conclude on this issue in order to make further progress in performance requirement definition. In this contribution, we analyze technical issues related to this question and provide our proposal. 

2. Discussion
2.1. CA deployment scenario

Large timing offset between CCs was introduced for inter-band CA to allow non-collocated CA deployment. For collocated CA deployment, propagation delay between CCs would be small and timing offset observed at UE receiver will be caused mainly by TAE (timing alignment error) at eNB. Thus, for intraband contiguous CA where we assume collocated CA deployment, timing offset of 0.3us is assumed for CA demodulation test. Small timing offset also allows UE receiver implementation with single receiver chain and single FFT although other implementation is not precluded as long as it can meet core and performance requirement. 
However, for non-collocated CA deployment, UE can observe large timing offset mainly due to propagation delay difference between PCC and SCC. Thus, in inter-band CA where we assume non-collocated CA deployment, timing offset of 30.3us is assumed in CA demodulation test. With such a large timing offset, UE should be equipped with separate receiver chain including LNA and FFT to be able to demodulate PCC and SCC signal. Considering that there could be also large power imbalance between PCC and SCC for non-collocated CA deployment, UE receiver with separate LNA is essential to achieve optimal sensitivity for each CC. 
Observation 1. Large timing offset between CCs needs to be considered only for non-collocated CA deployment. 
2.2. Receiver architecture for intraband non-contiguous CA
RF core requirements for intraband non-contiguous UE have been defined by assuming that the UE is equipped with dual receiver chain but with shared LNA [5] as shown in Figure 1. This assumption does not preclude other implementation. Dual receiver chain including FFT would allow effective suppression of jammers that can fall into the spectrum between CCs. Single LNA would have the benefit over dual LNA implementation due to simpler front-end configuration and reduced insertion loss. Some companies argued that demodulation performance requirement can be defined with similar timing offset assumption as inter-band CA since UE is equipped with dual receiver chain [3][4]. However, as pointed out in [1][2], shared LNA implementation of UE receiver imposes some constraint on receiver signal characteristic that can possibly preclude non-collocated deployment of intraband non-contiguous CA. 
· Receive timing of PCC and SCC should be aligned within CP
· Received signal power of PCC and SCC should not be too large
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Figure 1. Reference receiver architecture for intraband non-contiguous CA
2.3. Effect of large timing offset on shared LNA receiver
When there is large timing offset for UE with shared LNA receiver, LNA gain switching with Rx AGC operation can cause PDSCH performance degradation. Assuming that LNA gain switching is aligned with SF boundary of PCC and there is 30us timing offset between PCC and SCC, it can cause LNA gain change in the middle of OFDM symbol for SCC. Affected OFDM symbol could be first symbol of the same SF or last symbol of previous SF depending on direction of timing offset. The effect of LNA gain change in the middle of OFDM symbol could be analyzed in two aspects, i.e.,

· How is PDSCH decoding affected?

· How often does LNA gain switching happen?
LNA gain switching in the middle of OFDM symbol could have different effect on PDSCH decoding depending on MCS of PDSCH. Even with LNA gain switching, UE might be able to decode low MCS PDSCH with small performance degradation. However, for high MCS PDSCH, UE might not be able to decode PDSCH irrespective of CINR and thus 100% BLER might be observed whenever there is LNA gain switching. Note that, when there is multiple code blocks in a PDSCH, decoding failure of single code block leads to HARQ retransmission of the whole PDSCH. Corruption of one OFDM symbol can cause decoding failure of the whole PDSCH for high MCS PDSCH. 
In shared LNA receiver, AGC algorithm in UE should determine LNA gain based on aggregate power of received signal on PCC and SCC. Thus, LNA gain switching happens whenever there is change in aggregate power across LNA gain switching threshold. Thus, UE’s LNA gain switching and corresponding PDSCH decoding failure is determined by total power fluctuation and not related to power imbalance between PCC and SCC. There was an argument in [1] that LNA gain switching could be relatively rare event based on the assumption that there is only one LNA gain switching point in UE receiver. However, UE AGC can also be implemented with multiple LNA gain stage. In that case, LNA gain switching can happen quite often depending on fading characteristic and hysteresis between LNA gain states. 
Observation 2. When LNA gain switching occurs in the middle of OFDM symbol, there could be 100% BLER for high MCS PDSCH. 

Observation 3. There can be quite often LNA gain switching for UE with multiple LNA gain stage.  

2.4. Effect of power imbalance on shared LNA receiver
As pointed out in section 2.3, LNA gain in shared LNA receiver should be controlled by aggregate power level. When there is large power imbalance between PCC and SCC, LNA gain will be determined by received signal power of stronger CC. Considering that LNA should be configured with high gain to achieve low NF (noise figure), LNA gain switching to lower gain due to stronger CC would lead to non-optimal LNA gain for weaker CC. Weaker CC would suffer from sensitivity degradation corresponding to NF increase with LNA gain switching. The amount of performance degradation will be different depending on UE’s NF characteristic w.r.t LNA gain stage. 
Observation 4. When there is large power imbalance between CCs for UE with shared LNA receiver, sensitivity of weaker CC can be degraded due to LNA gain drop based on stronger CC power. 
Based on above analyses and observations, we propose following. 
Proposal 1. Assume collocated CA deployment and thus tight receive timing alignment for intraband non-contiguous CA similar to intraband contiguous CA. 
3. Conclusions

In this contribution, we analyzed the issue of receive timing window in defining performance requirement of intraband non-contiguous CA. Our observations are
Observation 1. Large timing offset between CCs needs to be considered only for non-collocated CA deployment. 
Observation 2. When LNA gain switching occurs in the middle of OFDM symbol, there could be 100% BLER for high MCS PDSCH. 

Observation 3. There can be quite often LNA gain switching for UE with multiple LNA gain stage.  

Observation 4. When there is large power imbalance between CCs for UE with shared LNA receiver, sensitivity of weaker CC can be degraded due to LNA gain drop based on stronger CC power. 

Based on above analyses and observations, we propose following. 

Proposal 1. Assume collocated CA deployment and thus tight receive timing alignment for intraband non-contiguous CA similar to intraband contiguous CA. 
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