Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 Meeting #84 
R4-1707454
Berlin, Germany, August 21 – 25, 2017
Source: 
Nokia, Nokia Shanghai Bell
Title: 




Discussion on CRS muting for efeMTC    
Agenda Item: 
8.25.3.1 
Document for:
Discussion
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 included the below questions to RAN4.

	For the network to take full advantage of the case where all the UEs present are BL UEs supporting this new CRS muting capability signalling, some minimum amount of CRS needs to be maintained in time and frequency to support:

· 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.
It is RAN1’s understanding that UEs that do not support this CRS muting capability can expect CRS as per legacy specifications.

It is RAN1’s observation that RAN4 is best positioned 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.


Answer to RAN1’s questions and the overall RRM impact of CRS muting in efeMTC were discussed in RAN4#83, but there was no agreement.
In this paper, we will provide our views on CRS muting for efeMTC. 
2 Discussion 
In this paper we will discuss the minimum amount of CRS needed to maintain basic UE RRM/demod performance. We want to highlight first that based on RAN1 LS, only BL UEs supporting this new CRS muting capability can work in the cell with CRS muting, i.e. the cell is not accessible for legacy UEs (otherwise CRS cannot be muted).
RRM

A cell needs to be measurable to UEs in neighbour cell for mobility purpose. When measuring a neighbour cell, UE typically measures at the central 6PRB, where synchronization signal is located. In this sense, CRS needs to be present in the central 6PRB. 

Next question is when, or in which subframes, CRS needs to be present. In our view, reducing the CRS such that CRS only appears in subframe 0 and 5 of central 6PRB should be feasible, since it is the same level of CRS availability as TDD UL/DL configuration 0. Of course, in this case the measurement requirements have to be relaxed similar as for TDD UL/DL configuration 0, so RAN4 may discuss what should be the desirable minimum CRS amount in time domain from performance requirement point of view.
Observation 1: For RRM, CRS should be as minimum available in central 6-PRB in subframe 0 and 5. RAN4 may further discuss the desirable time domain availability from performance requirement point of view.

PBCH/SI
PBCH and SI are common channels for the cell. They are transmitted at specific time and PRB locations that are known to the network. When these channels are transmitted, CRS needs to be present. As network does not know whether and which UEs are receiving PBCH and SI, they need to be transmitted every time it is in due. 

Besides, prior to UE reception of DL signal the UE would need to ensure that its capable of receiving in DL i.e. UE needs to receive DL reference signals (or sync signal) in order to get correct settings e.g. for AGC, AFC, channel estimation and fine time and frequency synchronization. How long time the UE would need to receive in DL prior to having good enough settings for DL reception depends on UE implementation and e.g. how good Xtal the is equipped with. So far, it is left for UE implementation to wake up early enough to settle prior to DL reception since CRS is continuously transmitted from the network. Now with CRS muting, in order for UE to correctly receive these common channels, CRS needs to be present in the subframes where PBCH/SI are transmitted plus Y subframe in prior. The exact value of Y should be further discussed in RAN4.

Observation 2: For PBCH/SI, CRS should be as minimum available in the subframes where PBCH/SI are transmitted plus Y subframe in prior. The exact value of Y should be further discussed.
Paging/C-DRX
Paging and C-DRX are addressing to individual UEs. Similar as Paging/SI, when the corresponding control/data channels are transmitted, CRS needs to be available in the same subframe. Similarly, to allow UE to settle before DL reception, CRS need to be present in Y subframes in prior to the actual transmission.   
Observation 3: For Paging/C-DRX, CRS should be as minimum available in the subframes where DL control/data are transmitted plus Y subframe in prior. The exact value of Y should be further discussed.

On the other hand, there is a difference between Paging/C-DRX and PBCH/SI as for the latter network does not know if there are UEs receiving, but for the former network has the exact knowledge if an individual UE would be scheduled in the upcoming paging occasion or DRX On-duration. One could think optimizing CRS muting such that it would not happen at paging occasions or DRX On-durations where a UE is paged/scheduled. RAN1 is discussing the possibility of introducing reservation signal to further reduce the UE power consumption. If it is introduced, additional CRS muting can be enabled for Paging/C-DRX when UE is not scheduled at paging occasions or DRX On-durations.
Observation 4: It may be feasible to enable additional CRS muting for Paging/C-DRX when UE is not scheduled at paging occasions or DRX On-durations.   
CSI
For Cat-M UEs, the CSI reference is a set of subframes on the MPDCCH NBs, which is defined in 36.213. In order to allow UE to measure CSI, CRS should be made available in the reference subframes, for both periodic and aperiodic CSI reporting. 
Observation 5: For CSI acquisition, CRS should be as minimum available in the CSI reference subframes.

With regard to above analysis for PBCH/SI, Paging/C-DRX and CSI, 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 UE, e.g. Cat-M1 UEs, it can 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. 
During offline discussion in RAN4#83, some companies mentioned that UE (if supporting larger than 6-PRB RF BW) may be able to take advantage by utilizing CRS outside the 6PRB, e.g. in channel estimation, and there can be considerable performance difference. In our view, RAN4 minimum requirements are defined for BL UE assuming 6-PRB RF BW, so if RAN4 wants to suggest RAN1 X>0, the performance gain should be evaluated and corresponding requirements should be defined. 

Observation 6: From RAN4 minimum requirements point of view, minimum CRS BW in frequency domain is 6-PRB, i.e. X=0, unless performance gain with X>0 can be justified.

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. 

Observation 7: Other Rel-15 enhancement in efeMTC might need to be considered in determining the minimum CRS amount.
3 Conclusions 

In this paper, we provided our views on CRS muting in efeMTC. 
Observation 1: For RRM, CRS should be as minimum available in central 6-PRB in subframe 0 and 5. RAN4 may further discuss the desirable time domain availability from performance requirement point of view.
Observation 2: For PBCH/SI, CRS should be as minimum available in the subframes where PBCH/SI are transmitted plus Y subframe in prior. The exact value of Y should be further discussed.
Observation 3: For Paging/C-DRX, CRS should be as minimum available in the subframes where DL control/data are transmitted plus Y subframe in prior. The exact value of Y should be further discussed.
Observation 4: It may be feasible to enable additional CRS muting for Paging/C-DRX when UE is not scheduled at paging occasions or DRX On-durations.
Observation 6: From RAN4 minimum requirements point of view, minimum CRS BW in frequency domain is 6-PRB, i.e. X=0, unless performance gain with X>0 can be justified.
Observation 7: Other Rel-15 enhancement in efeMTC might need to be considered in determining the minimum CRS amount.
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