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1. Introduction

A reply LS has been sent from RAN4 to RAN1 on the RS for non-standalone NCT. In the reply LS, the following observations and conclusions have been provided
· Observations 

· For system bandwidth up to 25 RBs, 

· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity

· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity

· For system bandwidth larger than 25 RBs, 

· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy

· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement

· Conclusions:

· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy

· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient 

According to previous RAN1 progress, RRM aspects for NCT may be further discussed based on such input from RAN4. In Section 2 of the contribution, we analyze the RRM aspects for non-standalone NCT. In section 3, the proposals are summarized. 
2. RRM Aspects for non-standalone NCT
2.1. Motivations of RRM
Standalone NCT is still under discussions and whether standalone NCT can be supported or not is not clear at current stage, RRM discussions here is mainly focused on non-standalone NCT. Since non-standalone NCT always be used together with legacy carrier and served as Scell, we think the RRM for non-standalone NCT is mainly used for Scell addition/release, but not used for mobility related procedure e.g. cell selection/reselection or handover. So RRM for non-standalone NCT here is only for connected mode UE but not for idle mode UE.
2.2. RS bandwidth for RRM

The conclusions in [1] were reached based on extensive discussions in RAN4. First of all, it was common understanding in RAN4 that full bandwidth is beneficial for time/frequency tracking, as well as RRM accuracy. As discussed in [2], a reduction to 5ms periodicity and single port already significantly lower the CRS overhead (i.e., CRS overhead of 14% with 2 port Rel-8 CRS compared with 0.95% in Rel-12). Therefore, the additional saving is only marginal with frequency domain reduction, with the cost that the above mentioned benefits were compromised. As RAN4 cannot reach consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient, it is preferred that full bandwidth is maintained unless the gain from further reduction is large enough. 
Proposal #1: Full CRS bandwidth is maintained unless significant gain from further frequency domain reduction is proved

2.3. RS time configurability

Another open issue with reduced CRS is the time location of CRS with each 5ms cycle. There has been proposal of introducing configurability in time domain, e.g., in a cell the reduced CRS is in subframe #0 and #5 in a radio frame, but in another cell it may be in subframe #1 and #6, etc. However, in our understanding the need of such extra configurability is unclear. One typical use case for non-standalone NCT is the scenario #2 where macro and small cells are on different frequencies. In this case macro acts as backward compatible cell and small cells can be configured in NCT to achieve the gains. For such scenario, the reduced CRS already reduces interference in the small cell layer, especially for dense deployments. Furthermore, NCT can use ePDCCH and DMRS-based PDSCH transmissions to avoid interference, compared with a small cell configured as legacy cell type. Therefore, for this example scenario, it needs to be first discussed whether the inter-cell interference among the small cells is more severe compared with other cell types. Also, it is noted that in the small cell study item, interference coordination enhancements is under discussions. 

Based on these discussions, we propose the following

Proposal #2: Fixed time locations are used for reduced CRS, e.g., in subframe #0 and #5 in non-standalone NCT. 
2.4. RRM procedure and requirements
As discussed in previous section that the motivation of RRM for non-standalone NCT is for Scell addition/release, the RRM procedure for non-standalone NCT could reuse R10 Scell RRM procedure. Since in the existing specification, there has already different RRM procedure for Pcell and Scell, it is not necessary to design the unified RRM procedure for non-standalone NCT and standalone NCT. Then it is not necessary to wait for standalone NCT progress when discussing RRM procedure for non-standalone NCT. The detailed RRM procedure could be further discussed in RAN2.

Since CRS is reduced in non-standalone NCT to happen every 5ms, some concerns raised whether current RRM requirement is too tight [3]. Here we think current RRM measurement requirement for Scell defined in [4] can still be reused since when restricted measurement pattern is enabled, one subframe per radio frame can even meet the current RRM measurement requirement. Although restricted measurement pattern is only used for Pcell, the RRM measurement requirement for configured and activated Scell is same as Pcell, and the measurement requirement for configured and deactivated Scell is even loosen than activated Scell. Thus we think although RCRS is happen every 5ms, it could meet the RRM measurement requirement for Scell. More detail of RRM measurement requirement could be further discussed in RAN4.
Proposal #3: Reuse RRM measurement procedure for Rel10 CA Scell and do not introduce new RRM measurement requirement for non-standalone NCT
3. Conclusions
Based on the discussions, we summarize the proposals for RRM aspects in the following 
Proposal #1: Full CRS bandwidth is maintained unless significant gain from further frequency domain reduction is proved

Proposal #2: Fixed time locations are used for reduced CRS, e.g., in subframe #0 and #5 in non-standalone NCT. 

Proposal #3: Reuse RRM measurement procedure for Rel10 CA Scell and do not introduce new RRM measurement requirement for non-standalone NCT
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