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1 Introduction

One of the objectives of the work item on Even Further Enhanced MTC for LTE [1] is to introduce support for CRS muting. The exact objective is stated as follows:
	· 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 particular, CRS muting impact on initial UE initial access was discussed at last two meetings. At last RAN4 meeting, it was agreed that CRS transmissions will be light up periodically to assist the UEs to access the cell. Following agreements were reached [2]: 

	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.


In this contribution, we discuss and provide our view on the periodicity of light up as well as its length and BW, i.e. the values of Y, N and M. 
2 Discussion
We have discussed and described the initial access procedure under CRS muting in our previous contribution [3]. In this section we discuss the remaining issues based on the agreement above to resolve the values of the parameters involved in periodic lighting up of CRS.
To assist the UEs in the band scanning process (i.e. the initial cell search procedure), we propose that the CRS transmissions are switched on over full cell BW in one DL subframe every 20 ms. This is illustrated in scenario 1 in Figure 1 below. 
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Figure 1 CRS light up every 20 ms
· Proposal #1: CRS transmissions are switched ON over full BW in 1 DL subframe every 20 ms.
The eNodeB is expected to provide CRS transmissions over larger UE bandwidth of UE Cat-M1/M2 before the random access (RA) opportunity to enable the UE to derive the UL timing, this is also called as warmup period. The UE bandwidth within the cell bandwidth where UE is configured is known to the network through e.g. paging occasions, so the NW can provide the CRS over that part of the BW. 
Random access opportunities can be configured with different periodicities. The RA opportunity can be configured as frequent as in every subframe (e.g. PRACH Configuration Index # 14) or as sparse as once every 20 ms (e.g. PRACH Configuration Index # 0). If RA opportunity occurs every 20 ms, the warm up period and the CRS light up can be aligned, this can reduce the redundant CRS transmissions. 
RA opportunity can also occur more frequent than 20 ms in which case the warm up period and CRS light up can be non-overlapping. This is illustrated in scenario 2 in Figure 2. This figure shows that CRS transmissions are provided only over the UE RF bandwidth during the warm up, but the light up takes place over the full bandwidth. 
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Figure 2 CRS light up together with warm up period
In some scenarios, the warm up period prior to RA can occur very close to the CRS light up period. In such scenarios, it can be advantageous to align the warm up period and light up period as it can reduce the unnecessary CRS transmissions. This can happen specially when RA occurs very frequently. This is illustrated in Figure 3 where it is seen that warm up and light up happen closely in time. This can be aligned as shown in lower part of the figure. 

[image: image3.emf]Frequency

Time

Center PRBs

20 ms

Frequency

Center PRBs

Scenario 3:

Warm up during RA

CRS light up

Alignment of CRS light up and warm up period prior to RA


Figure 3 Alignment of CRS light up and warm up period
· Observation #1: The warm up period prior to RA and CRS light can be aligned to reduce unnecessary CRS transmissions in a cell. 
Given that UEs are going to be provided with warm period that includes CRS transmission prior to RA opportunity, it is our view that the CRS light every 20 ms is sufficient. Such configuration brings a balance for both UE and network, i.e. eNodeB provides CRS light up to assist the UE in the initial access procedure while still making the CRS muting useful for the overall network performance.  
In section 3 of [4] it is argued that the problem of band scanning process under CRS muting can be avoided by providing the EARFCN of muted MTC carrier as pre-provisioning to the UE. Such pre-provisioning information can be useful for the UE as it can help the UE to adapt its band-scanning process. However, providing only the EARFCN of the muted carriers may not be sufficient and it can also be misleading in some scenarios. In some scenarios, the muting can change over the time. For example, the same frequency bands can be used in various locations (rural area as well as urban areas), and UEs may move from one area to another area where CRS muting is no longer applied. Therefore, in our view, the frequency information such as EARFCN of the muted carrier could be provided together with location information and some timing information. In some cases, it can also be beneficial to include information about muting pattern.  The location information may tell the UE where (e.g. city, certain locations such as airports) the EARFCN is applied. The location information may also be coverage area information such as cell ID, PCI of the muted cell. The timing information may tell the UE for how long and from where (reference time) this communicated muting information is valid. The muting pattern information may tell the muted bandwidth, unmuted bandwidth, or muting pattern etc. These additional information makes the use of EARFCN of muted carrier in band-scanning process or any other process more reliable. This information can be provided as part of the EARFCN pre-provisioning as mentioned in [4] or can also be signaled directly to the UE by e.g. the network. 
· Proposal 2#: In addition to communicating the EARFCN of the muted carriers, providing additional information on location, timing or muted pattern can make the usage of received information more reliable in the UE. 
3 Conclusion
In this contribution, we have discussed the remaining open issues on CRS light up to assist the UE on its initial access procedure. Based on the discussions, we have made the following proposal:
· Observation #1: The warm up period prior to RA and CRS light can be aligned to reduce unnecessary CRS transmissions in a cell.
· Proposal #1: CRS transmissions are switched ON over full BW in 1 DL subframe every 20 ms.
· Proposal 2#: In addition to communicating the EARFCN of the muted carriers, providing additional information on location, timing or muted pattern can make the usage of received information more reliable in the UE. 
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