3GPP TSG-RAN WG4 #74
R4-150073
Athens, Greece, 9th – 13th February 2015
Agenda item:
6.11.1
Source: 
Qualcomm Incorporated
Title: 
Effect of BS emission on intra-band contiguous CA with minimum channel spacing
Document for:
Discussion
1. Introduction
In RAN4 #73, there was further discussion on performance requirement for intraband contiguous CA with minimum channel spacing and it was agreed during online discussion that companies are supposed to provide input on 
· Analysis on system acquisition for minimum channel spacing

· Impact of BS emission mask on UE’s system acquisition

· Analysis of test configuration. 
In this contribution, we provide our view on open issues for performance requirement for intraband contiguous CA with minimum channel spacing.
2. Discussion
2.1. Impact of BS emission in guard band on demodulation performance
As analyzed in [2], currently BS emission is not explicitly specified in guard band of DL OFDM signal. If channel spacing between adjacent component carriers are reduced to a value substantially less than nominal channel spacing, guard bands of adjacent CCs would begin to overlap. If appropriate emission requirements within guard band are not specified, UE demodulation performance will be affected due to mutual interference between adjacent CCs. In figure 1, we illustrated interference between adjacent component carriers when BS emission is not properly controlled in guard band. Even with substantial spectrum skirt, effect of spectrum spillover on adjacent carrier could be small due to 1.8MHz guard band. However, when guard band is reduced to 0.3MHz, i.e., minimum channel spacing, spectrum spillover will directly hit RBs on the edge. On the other hand, if BS emission is tightly controlled in guard band as shown in figure 2, spectrum spillover would have only small effect. 
Observation 1. BS emission in guard band has critical impact on demodulation performance of intraband contiguous CA with minimum channel spacing. 
Proposal 1. RAN4 should specify BS emission requirement in guard band for intraband contiguous CA. 
Proposal 2. Performance requirements for intraband contiguous CA with minimum channel spacing should take BS emission in guard band into account. Without proper specification for BS emission requirements, RRM session cannot specify performance requirements. 
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Figure 1. Interference between component carriers when BS emission is not controlled in guard band
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Figure 2. Interference between component carriers when BS emission is controlled in guard band

2.2. System acquisition for minimum channel spacing

System acquisition is the very first step UE has to perform in order to detect and camp on LTE network. When UE is turned on, it should search for carrier frequency of valid LTE signal within operation bands supported by the UE. System acquisition relies on PSS/SSS/PBCH which is on center 6 PRBs irrespective of system bandwidth. Carrier signal of LTE signal has channel raster of 100 kHz, which allows large number of potential EARFCN (E-UTRA Absolute Radio Frequency Channel Number). For example, in band 41 spanning 2496~2690MHz, there are 1939 valid EARFCNs and UE has to determine which of them has actual LTE signal. If UE supports multiple bands, the search should be done over all supported bands, which will simply increase the size of search space. Therefore, it would be essential to rely on smart system acquisition algorithm instead of brute force search to allow quick acquisition of LTE signal. 
Observation 2. UE should rely on smart system acquisition algorithm instead of brute force search to quickly determine EARFCN among large number of EARFCN candidates. 
Smart search is also essential to minimize power drain in out-of-service (OOS) of UE. When UE is OOS, UE needs to periodically wake up and check whether UE moved into LTE coverage. In-coverage check usually relies on attempt to camp on LTE cell and thus requires system acquisition. If UE relies on brute force search, i.e., cell search try on all EARFCN candidates, it will take long time to determine whether there is valid LTE signal. There is indeed industry test to check UE’s power drain performance in OOS scenario. In order to avoid burning out battery while UE is in OOS, UE needs to determine quickly whether it is in OOS or not without visiting all EARFCN candidates for cell search. 
Observation 3. Smart system acquisition is essential to minimize power drain in OOS UE. 

One candidate for smart system acquisition is looking at power spectrum density (PSD) of DL signal within operation band and determine/prioritize EARFCN candidate. When only one LTE carrier is observed within the band, it would be easy to determine rough location of LTE carrier based on PSD. However, if there are multiple carriers, the problem would become complicated. However, UE would be able to find EARFCN candidates as long as PSD of multiple carriers are well separated. 
The most challenging case would be intraband contiguous CA wherein spectrum of PCell and SCell are next to each other with only guard band between CCs. Since there is no BS emission mask within guard bands of LTE carriers, PSD of CCs might not be well separated. The problem would become more challenging when channel spacing for intraband contiguous CA is reduced from 1.8MHz to 0.3MHz. Without appropriate regulation on BS emission on guard band, PSD of two carrier would smear into one big chunk, which will break smart acquisition algorithm based on PSD measurement. Note that this problem will also affect all legacy UEs that was already deployed in the network. 
Observation 4. Smart system acquisition algorithm with PSD measurement will break if channel spacing of intraband contiguous CA is reduced without proper regulation of BS emission mask. 

3. Conclusions

In this contribution, we analyzed issues related to new performance requirement for intraband contiguous CA with minimal channel spacing. Our observations and proposals are
Observation 1. BS emission in guard band has critical impact on demodulation performance of intraband contiguous CA with minimum channel spacing. 
Proposal 1. RAN4 should specify BS emission requirement in guard band for intraband contiguous CA. 

Proposal 2. Performance requirements for intraband contiguous CA with minimum channel spacing should take BS emission in guard band into account. Without proper specification for BS emission requirements, RRM session cannot specify performance requirements. 

Observation 2. UE should rely on smart system acquisition algorithm instead of brute force search to quickly determine EARFCN among large number of EARFCN candidates. 

Observation 3. Smart system acquisition is essential to minimize power drain in OOS UE. 

Observation 4. Smart system acquisition algorithm with PSD measurement will break if channel spacing of intraband contiguous CA is reduced without proper regulation of BS emission mask. 
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