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1. Introduction
In RAN1#68bis meeting [1], excessive discussion had been done for CRS on unsynchronized new carriers, and several observations and agreements were concluded as follows: 

Observations:

· Widespread support for supporting reduced CRS in the time domain, e.g. 5ms periodicity

· Some companies are also mentioning benefits of reduced CRS in frequency domain

Agreement (at least for the unsynchronized case):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Ask RAN4 for guidance on RRM measurement handling

· BW is FFS until RAN1#69 between one of:

· full system BW, and

· Objections to removing: CATT, Docomo, Mediatek, Intel, NSN, Nokia, CMCC, Samsung, LG, Qualcomm, MotM, E///, ST-E

· min(system BW, X) where X is selected from {6, 25}RBs

· Ask RAN4 for guidance on which BW 

· Objections to removing: Fujitsu, HW, HiSi, ALU, ASB, NEC, Docomo, ZTE

· configurable between full system BW and min(system BW, X)

· Objections to removing: HW, HiSi, 

· Inform other WGs
From the above observations and agreements, regardless of whether the CRS sequence generation and mapping are changed or not, the periodicity of CRS was agreed to reduce from 1ms to 5ms. And consequently, on which subframes the reduced CRS will be transmitted in a radio frame, becomes an unsolved problem to be discussed. 
In this contribution, we consider the configuration issue of the reduced CRS subframe on unsynchronized new carriers, and express our preference. 
2. Discussion 
2.1 Motivation

In RAN1’s specification from release 8 to release 11, the cell-specific reference signal (CRS) has several features, such as predefined pattern, high density in time and frequency domain, short periodicity(per each subframe) and always-on transmission, which make it suitable for time-frequency tracking, channel estimates for CSI feedback and demodulation, and mobility measurements as well.
In the design of new carrier types, from RAN1 perspective, the main motivations identified for introducing a new carrier type for carrier aggregation are enhanced spectral efficiency, improved support for het net, and energy efficiency [2]. However, the usages of CRS greatly limit access to these motivations; for example, the limitation of data rates in low load conditions due to the interference between CRS from different cells, high CRS overheads, maximal support four antenna ports in CRS based MIMO transmission, and the inefficient power usage from always-on transmission, etc [3].  
In RAN1#68bis meeting, a majority of companies widely supported the reduced CRS in the time domain, e.g. 5ms periodicity, and thus an agreement that new carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity was achieved at least for the unsynchronized case. Compared to original CRS per each subframe, the reduced CRS has a significantly lower time-frequency density, thus implying less overhead. 

Based on the above agreement, we need to discuss the issue of CRS subframe configuration consequently. 
Observation: When the reduced CRS in time domain is transmitted in 5ms periodicity, it should determine the CRS subframe configuration. 

2.2 Options for CRS subframe configuration

Irrespective of whether the CRS sequence generation and mapping are changed or not, the issue for the reduced CRS subframe configuration can be resolved in the following two options:
Option 1: fixed subframe configuration for CRS
In this option, the index of the subframes on which the reduced CRS are transmitted in a radio frame is fixed in physical layer specification, e.g. subframes 0&5, 1&6, 2&7, 3&8 or 4&9, just like FDD PSS/SSS signals are periodically transmitted on subframes 0 and 5 in each radio frame. 
Such fixed configuration scheme for the reduced CRS has the following pros and cons analysis: 

· Pros: 
· Small modifications on current specifications
· Easy for implementation, no new signalling requirement
· No misunderstanding between eNB and UE.
· Cons: 
· May suffer interference from neighbour cell due to CRS collision
· Possible performance degradation and DL throughput loss. 
Option 2: configurable subframe index for CRS
In this option, the subframes for transmitting the reduced CRS in a radio frame can be configured independently for different cells. 
Similarly as CSI-reference signals subframe configuration with 5ms periodicity listed in Table 6.10.5.3-1[4], a parameter CRS-SubframeConfig 
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can be defined and configured by RRC signalling and its value is from 0 to 4 corresponding to the subframe offset from 0 to 4. Accordingly for 36.331[5], the IE CRS-Config will be defined and set to specify the reduced cell-specific reference signal configuration. 
Such configurable subframe index for the reduced CRS has the following pros and cons analysis: 

· Pros: 
· Flexible subframe configuration for the reduced CRS
· Reducing the interference from neighbour cell by avoiding CRS collision
· Increase DL throughput. 
· Cons: 
· Requiring new signalling and parameter design
· Specification modifications for RAN1/2
In consideration of flexibility of the CRS subframe configuration and interference mitigation, we prefer option 2 as  the subframe configuration scheme for the reduced CRS transmission with 5ms periodicity, and believe that the design of new signalling and parameter won’t bring much effort in RAN1/2 specification modification, similar to the design of CSI-RS subframe configuration in Rel-10. 
Proposal: Configurable subframe configuration is preferred to be adopted for the reduced CRS transmission on unsynchronized new carriers, and consequently new signalling and parameters in RAN1/2 specifications need to be designed.

3. Conclusion
This contribution considers the reduced CRS subframe configuration on unsynchronized new carriers, and gives the following observation and suggestions:  
Observation: When the reduced CRS in time domain is transmitted in 5ms periodicity, it should determine the CRS subframe configuration.  

Proposal: Configurable subframe configuration is preferred to be adopted for the reduced CRS transmission on unsynchronized new carriers, and consequently new signalling and parameters in RAN1/2 specifications need to be designed.
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