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Discussion and decision
1 Introduction

In order to enhance spectrum efficiency, inter-cell interference coordination and power saving operation, new carrier type will be supported in Rel-11 LTE system and RAN1 has been working on the design of the new carrier type. 
According to RAN1 LS, RAN1 agreed the following for the unsynchronized new carrier type. 

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):
· 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 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

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

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

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.

Although it has to be further decided about bandwidth, it is clear that CRS is not transmitted every subframe i.e. once per 5ms subframe, which is different from the backward compatible carrier. Therefore, it would be necessary to investigate whether this sparse CRS would affect RAN2 operation especially DRX operation. 
2 Discussion
In the new carrier type, CRS is transmitted once per 5ms subframes, while in the backward compatible carrier, CRS is transmitted every subframe. Since the channel feedback information and demodulation will be performed with CSI-RS and DM-RS respectively in the new carrier type, CRS will be used for synchronization and RRM/RLM measurement purpose. Therefore, it is not necessary to send CRS every subframe as long as there is no performance impact on synchronization and RRM/RLM measurement. According to evaluation performed in 3GPP RAN1, it is shown that once per 5 CRS is good enough to maintain synchronization of downlink signal. Furthermore, the periodicity of RRM measurement is once per 200ms and radio link quality for RLM is assessed every 10ms. Based on these observation, there would be no problem to have CRS every 5ms subframe. However, there may be some issues if we take DRX mode operation into accounts in the new carrier type. 
The first issue is measurement in DRX mode. Figure 1 shows one example of DRX configuration in the new carrier type. In the example, CRS is transmitted in subframe 0 and 5. Please note that the exact location of CRS subframe is to be decided in RAN1. We assume onDurationTimer =3, longDRXcycle =10 and drxStartOffset =2. With the configuration, it appears that the active time is never overlapped with CRS subframe. Although it is the worst case, if onDurationTimer is less than 5ms, there is possibility that the UE cannot receive CRS during active time period. Since CRS is used for RRM measurement, if there is no CRS during active time, it would not be possible for the UE to measure RSRP or RSRQ. The performance of measurement may be degraded and cannot meet the measurement requirement. In case of RLM, the UE shall assess the radio link quality once every DRX period. With the DRX configuration in Figure 1 example, it is impossible to evaluate the radio link quality. 
Observation 1: depending on DRX configuration, the UE cannot receive CRS during active time and it may affect the performance of RRM/RLM measurement.
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Figure 1: example of DRX operation in the new carrier type
The second issue is maintenance of synchronization in DRX mode. It is noted that in RAN1 evaluation for synchronization performance, continuous reception is assumed. Therefore, it is not clear whether synchronization is well maintained in DRX mode operation. Especially, the UE may not receive CRS when active time is started. Figure 2 shows one example of DRX configuration in the new carrier type. In the example, we assume onDurationTimer = 5, longDRXcycle=20 and drxStartOffset =2.  Although onDurationTimer is long enough to receive at least one CRS during active tine period, the starting subframe is not overlapped with CRS subframe due to the drxStartOffset. In the example, the UE receives downlink signal in subframe 2, 3 and 4 but receive the first CRS in subframe 5. If the UE receives the CRS in the previous active time and it is still valid, synchronization can be maintained for subframe 2, 3 and 4. Otherwise, the synchronization would be inaccurate and in the worst case, the UE may lose synchronization until the UE receives CRS. 
Observation 2: depending on DRX configuration, the UE cannot receive CRS at the starting subframe during active time and it would degrade synchronization performance if the previous receive CRS is not valid for synchronization.  
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Figure 2 : example of DRX operation in the new carrier type
Based on the above observations, it is worthwhile to discuss the impact of DRX mode operation in the new carrier type. And if necessary, RAN2 could send an LS to RAN1/RAN4 to get more information about the performance degradation in synchronization and measurement in DRX mode in the new carrier type. 

Proposal 1: RAN2 should discuss the impact of DRX mode operation in the new carrier type. 

One simple way to avoid the problems described above would be to limit the possible DRX configuration when the new carrier type is configured in carrier aggregation. For example, the eNB should configure drxStartOffset or DRX cycle parameter to be a multiple of 5ms. This limitation could be supported by eNB implementation without change of specification. However, since it is very important to make sure the stable synchronization and measurement, we would recommend that RAN2 should discuss how to limit DRX configuration for the new carrier type. 

Proposal2: RAN2 should discuss how to limit DRX configuration for the new carrier type in order to maintain the stable synchronization and measurement. 
3 Conclusion
In this document, we discussed the impact of DRX mode operation in the new carrier type and we observe that there would be some impact in RRM/RLM measurement and synchronization. 
· Observation 1: depending on DRX configuration, the UE cannot receive CRS during active time and it may affect the performance of RRM/RLM measurement.
· Observation 2: depending on DRX configuration, the UE cannot receive CRS at the starting subframe during active time and it would degrade synchronization performance if the previous receive CRS is not valid for synchronization.
Based on the above observations, we recommend the following two proposals. 

Proposal 1: RAN2 should discuss the impact of DRX mode operation in the new carrier type. 
Proposal 2: RAN2 should discuss how to limit DRX configuration for the new carrier type in order to maintain the stable synchronization and measurement in the new carrier type. 
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