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1 Introduction
Rel-15 WI “Even further enhanced MTC for LTE” [1] has been started in RAN4 since RAN4#84. For the objective if CRS muting, 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.

Based on RAN1 questions in [2], RAN4 discussed in RAN4#84 the minimum CRS that network should provide in order to ensure Cat-M1 and Cat-M2 UE supporting CRS muting can work properly from RRM perspective, and related agreements are captured in [3]. 

In RAN4#84bis, during the evening AH [4], companies further discussed the need for CRS in each UE RRM activity, and also the amount of CRS. Related agreements are copied below.  

	 Cat M1/cat M2 in CE Mode A: 

· Warmup period before active time of DRX (e.g. DRX ON, MIB, paging, SIBx etc): 

· 1 DL subframe 

· Cool down period before active time of DRX: 

· 0 DL subframe 

Cat M1/cat M2 in CE Mode B: 

· Warmup period before active time of DRX (e.g. DRX ON, MIB, paging, SIBx etc): 

· TBD DL subframe 

· Cool down period before active time of DRX: 

· 0 DL subframe 

CRS transmission in the center of cell BW for Cat M2:

· X central PRBs containing CRS are always transmitted

· Analyze value of X by taking into account:

· UE implementation aspects and

· System impact.

Band scanning/initial cell search for cat M1/cat M2:

· CRS Light up configuration: 

· CRS transmission over Y central PRBs within the cell BW in N subframe(s) once every M subframes 

· Y = FFS. Potential value of Y = full BW, other values are not precluded.

· N = 1

· M = FFS. Potential value of M = 5, 10 and 20 (one value will be selected based on investigation). 

· Investigate M and Y based on UE implementation and 

· System impact.

· Need of pre-provioning of EARFCN of carrier with CRS muting is FFS


In this paper, we will provide our views on CRS muting for efeMTC.
2 Discussion 
In our previous paper we have analysed the implication of CRS transmission from network side, following the agreement in [3]. Figure 1 shows an example of mandatory network CRS transmission following [3], assuming there is Cat-M2 UE supporting CRS muting in the cell, and the cell/system BW is 20MHz. We also assume the duty cycle for paging and data is very large (>400ms), and only two UEs are considered. 
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Figure 1: Illustration of network CRS transmission assuming Cat-M2 UE 
From Figure 1 it can be seen that the as long as network assumes Cat-M2 UE supporting CRS muting in the cell, following [3] the actual muting opportunity is quite limited. This means the gain from muting, in terms of network power saving and interference reduction, is not very attractive, even for 20MHz BW. 

In our understanding, Cat-M2 UE supporting CRS muting is a new UE to be implemented based on R15, and it is also clear from RAN1 that CRS muting is a non-backward-compatible feature (i.e. legacy Cat-M1 and M2 UE cannot access to a cell which has enabled CRS muting), so some better assumption on the mandatory CRS availability could be possible and should be discussed in RAN4.

Proposal 1: RAN4 should strive for better assumption on CRS availability to enable larger muting opportunity.

Next we will go through UE functionalities that are based on CRS, and discuss the minimum account of CRS needed.

We first look at warmup and cooldown. In RAN4#84bis, it is agreed that cooldown subframes can be zero, meaning no CRS is needed after UE reception of MPDCCH or PDSCH. For warmup, it is agreed to be 1 subframe for CEModeA while FFS for CEModeB. 

In our understanding, the warmup discussed here is for UE to prepare the channel estimation for MPDCCH or PDSCH reception on the UE reception narrow band, while for time/frequency tracking can be done on the central PRBs. Some companies were concerned about the phase continuity if tracking is on a different narrow band than reception narrow band, but our understanding is that this is not an issue since phase is estimated on the reception narrow band. Therefore, there is no need to consider time/frequency tracking when determining the warmup subframes.

On the exact number of subframes, some companies mentioned that in any case more than one subframe is not possible for Cat-M since in reception with frequency hopping there is no subframe for warmup before receiving MPDCCH or PDSCH, for both CEModeA and B. We agree with this observation, so we think 1 subframe as agreed for CEModeA should also work for CEModeB.
Proposal 2: Warmup period before active time of DRX for CEModeB is 1 subframe.

Next we will look at the CRS in centre PRBs. As can be seen in Figure 1, the 24 PRBs in the centre is the biggest limitation in CRS muting opportunities, as it is always transmitted. In RAN4#84bis, we have proposed to reduce number of PRBs where CRS is always transmitted to 6, since it should be enough for most of the RRM functions, like neighbour cell measurement and coarse synchronization. 

Time tracking before UL may be the difficult part, as Cat-M2 timing requirement is defined based on the assumption of tracking on 24 PRBs. If it is reduced to 6 PRBs, UE would need more time to achieve the same timing accuracy, which is undesirable from power consumption point of view. Therefore, our proposal is to relax the timing requirement to that of Cat-M1, which was defined based on the assumption of 6 PRBs for tracking. 

As tracking with 6 PRBs is already implemented by Cat-M1 UE, we do not think it will take a lot of implementation effort to apply it to Cat-M2 UE. The power consumption will also be quite similar as Cat-M1 UE when doing tracking. From system impact point of view, there will be some loss in UL due to larger timing error, but we believe this is a good tradeoff considering the gain in CRS muting opportunities.

Proposal 3: On a carrier where CRS muting is enabled, CRS is always transmitted in centre 6 PRBs, and all UEs are required to meet the transmit timing requirement defined for Cat-M1.

Finally we will look at the CRS for frequency scanning. We understand that how UE will do scanning is fully up to UE implementation, and checking the spectrum shape could be an efficient implementation choice, so we agree with the concern that there could be impact to frequency scanning due to CRS muting. 
However, it’s not clear to us how UE is doing frequency scanning for a 1.4MHz carrier, which anyway has only 6 PRBs. Maybe the efficiency is not that good, but we understand this is one possible approach that UE supporting CRS muting would perform frequency scanning based on 1.4MHz carrier BW assumption.
If this is not acceptable e.g. due to too low efficiency, we are open to discuss the CRS lighting up to facilitate the scanning. However, we do think lighting up with full cell BW every 5ms as proposed by some companies are too much. We do not have strong view if it could be reduce in time domain (e.g. full cell BW every 20ms) or frequency domain (e.g. 24 PRBs every 5ms) or both, but we think reduction is necessary to make the CRS muting feature meaningful.

Proposal 4: RAN4 to consider two approaches for frequency scanning with CRS muting

· UE supporting CRS muting performs frequency scanning with 1.4MHz assumption

· CRS is lit up, e.g. with full cell BW every 20ms or 24 PRBs every 5ms

3 Conclusions 

In this paper, we provided our views on CRS muting for efeMTC.
Proposal 1: RAN4 should strive for better assumption on CRS availability to enable larger muting opportunity.
Proposal 2: Warmup period before active time of DRX for CEModeB is 1 subframe.
Proposal 3: On a carrier where CRS muting is enabled, CRS is always transmitted in centre 6 PRBs, and all UEs are required to meet the transmit timing requirement defined for Cat-M1.
Proposal 4: RAN4 to consider two approaches for frequency scanning with CRS muting

-
UE supporting CRS muting performs frequency scanning with 1.4MHz assumption

-
CRS is lit up, e.g. with full cell BW every 20ms or 24 PRBs every 5ms
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