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1 Introduction
Rel-15 WI “Even further enhanced MTC for LTE” [1] has started in RAN1. For the objective below, RAN1 discussed and agreed that RAN4 is best positioned to define the minimum amount of CRS when CRS muting is enabled by the network, and LS [2] was sent to RAN4.
	· Introduce capability signaling for support for CRS muting outside BL UE narrowband/wideband [RAN1 lead, RAN2, RAN4]
· Enable BL UE to optionally indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs, where X is determined by RAN1 and RAN4.


In [2] RAN1 asked RAN4 to define for a network where all the UEs present are BL UEs supporting the new CRS muting capability signalling, the:

· Minimum amount(s) of CRS 

· Value(s) of X corresponding to number of the PRBs outside the narrowband/wideband used by BL UEs for CRS.

Some considerations to be taken when determining the minimum amount of CRS are also listed, together with the agreement that such a carrier would not be backward compatible. 
In this paper, we will provide our initial views on the minimum amount of CRS for efeMTC. The discussion is triggered by RAN1 LS, while we understand that the efeMTC WI has not officially started in RAN.   
2 Discussion 
We would like to first discuss whether the scope of the CRS muting – is the scope BL/CE UE only, or both BL/CE UE and non-BL/CE UE? This was discussed in RAN1, and some companies wanted to include non-BL/CE UE, although it is not currently in the scope of the WI. 

From RAN4 point of view, BL/CE UE and non-BL/CE in most of the cases apply the same performance requirements, and that means when working in CE mode, the two types of UEs are expected to behave similarly. So far, we have not assumed in performance requirements that non-BL/CE will need to work in a larger BW than BL/CE UE, except for the positioning requirements which are BW dependent. In this sense, there seems to be no technical reason to exclude the non-BL/CE UE to work on a carrier with CRS muting. 

In addition, the carrier where CRS is muted will not be accessible to legacy UEs (i.e. this is non-backwards compatible carrier), and it would be good that non-BL/CE UE could also work in such a carrier. The motivation to have CRS muting is enable eNB power saving and reduce the system level interference, but it should not be limited by UE’s BW capability or implementation cost. From network point of view this would be a significant limitation in the usage if the carrier would be only be accessible by low cost BW limited UEs (e.g. normal category UEs cannot use the carrier). Therefore, our preference is to consider the non-BL/CE also for the CRS muting.

Observation 1: Non-BL/CE shall also be included in the scope of the CRS muting discussion.  
Next we will share our initial views on the minimum amount of CRS needed to maintain basic UE RRM/demod performance. We want to highlight that the discussions below are from per UE perspective, i.e. how much CRS a specific UE would need to maintain its RRM/demod performance. From network/system level, more CRS may be transmitted, e.g. network may transmit CRS in one narrow band for some UEs and in another narrow band for some other UEs, in the same subframe. 
The considerations from RAN1 when determining the minimum CRS amount are copied below.

	•
Cell PBCH/SI/Paging acquisition 

•
Downlink channel measurements

•
Time/frequency tracking

•
Channel estimation for demodulation of PBCH/SI/Paging/PDSCH

•
CQI estimation

Note that there are other Release-15 WI objectives which could have an impact on the above minimum amount of CRS, potentially leading to multiple minimum amounts of CRS being defined.


For CRS amount in frequency domain, our understanding is that 6PRB should be enough, i.e. X=0. The reason is that if we consider BL/CE UE, e.g. Cat-M1 UEs, only support 6PRB RF capability, which means it anyway cannot utilize CRS outside the 6PRB narrow band where its RX chain is tuned to. In this sense, 6PRB in frequency domain should be enough. We understand that some UE may be able to take advantage by utilizing CRS outside the 6PRB, e.g. in channel estimation, but as we are now discussing minimum requirements, we do not think such optimization should be considered. 

Observation 2: For the minimum number of CRS in frequency domain needed by a specific UE, 6PRB may be enough, i.e. X=0. 
CRS amount in time domain would be more complex, since there are many issues to consider, as listed by RAN1. RAN4 may need to study the issues one by one and determine the minimum CRS amount in time domain that can serve all the mentioned functionalities. For RRM, we are considering that reducing the CRS such that CRS only appears in subframe 0 and 5 of central 6PRB should be enough, since it is the same level of CRS availability as TDD UL/DL configuration 0. RAN4 may discuss if it is possible to reduce further, and that should be based on the case by case study of each functionality.
For other functionalities, it is not clear if RAN4 can/should determine the minimum CRS amount for all of them. For example, it’s clear that network should transmit CRS in the narrow band where it would schedule data/SI/paging to the UE and for the whole repetition, and RAN4 may not need to consider such functionalities.
Observation 3: For the minimum number of CRS in time domain for RRM, CRS in subframe 0 and 5 of central 6PRB may be enough, while further reduction needs more study.
Finally, as mentioned in [2] there are other Rel-15 enhancements that needs to be considered when determining the minimum amount of CRS. For example, in order to reduce the SI acquisition time, cross-subframe channel estimation is considered, and it may require certain amount of CRS. Another example is the support of 200km/h in CEModeA, for which case more CRS may be beneficial to improve channel estimation performance. On the other hand, these enhancements are mainly optimizations, and if they are not reflected in the minimum performance requirements, they may also not need to be considered in the minimum CRS amount. 
Observation 4: Other Rel-15 enhancement in efeMTC might need to be considered in determining the minimum CRS amount.
3 Conclusions 

In this paper, based on RAN1 LS, we provided our initial views on the minimum CRS amount for efeMTC discussion.   

Specifically, we have the following observations.

Observation 1: Non-BL/CE may also be included in the scope of the CRS muting discussion.
Observation 2: For the minimum number of CRS in frequency domain needed by a specific UE, 6PRB may be enough, i.e. X=0.
Observation 3: For the minimum number of CRS in time domain for RRM, CRS in subframe 0 and 5 of central 6PRB may be enough, while further reduction needs more study.
Observation 4: Other Rel-15 enhancement in efeMTC might need to be considered in determining the minimum CRS amount.
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