Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 #85
R4-1713158
Reno, Nevada, US, 27 November – 1 December, 2017
Source: 
Ericsson
Title:
Discussions on remaining issues CRS muting for Release 15 MTC
Agenda Item:
8.21.4.2
Document for:
Discussion
1 Introduction

One of the objectives of the new 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.


RAN4 has been discussing the CRS muting at last few meetings, and good progress has been made. In particular, the warm up and cool down periods and their needs were discussed at last meeting, and following agreements were reached [3]. 

	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.




The agreements contain some TBDs and FFS which are to be discussed and agreed at RAN4#85 meeting. In this contribution, we discuss and provide our view on the open issues with regard to warm up and cool down period for UEs operating under CRS muting. 

2 Discussion
2.1 Warm up period in CEModeB
The warm up period under normal coverage or CEModeA was agreed as 1 DL subframe. In enhanced coverage or CEModeB, the normal coverage is extended by 9 dB to -15 dB SNR. It is natural to assume that a longer warm up period is needed to support enhanced coverage operation. For example, the L1 measurement period was extended when going from CEModeA to CEModeB. The relation is shown below:
Table 1: L1 measurement delay in CEModeA for FDD intrafrequency cell

	Gap pattern ID
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	480 * Kintra_M1_NC   ms

	1
	960 * Kintra_M1_NC ms


Table 2: L1 measurement delay in CEModeB for FDD intrafrequency cell

	Gap pattern ID
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	800 * Kintra_M1_EC  ms

	1
	1600 * Kintra_M1_EC  ms


As can be seen, the measurement period was scaled by a factor of 1.6. It is proposed to scale the warm up period for CEModeB using the same factor which gives almost 2 DL subframes. In addition, the UE also has the possibility to use the CRS transmissions in guaranteed set of PRBs for doing the time and frequency tracking. 

· Proposal #1: The warm up period for CEModeB is defined as 2 DL subframes.
2.2 Transmission BW of category M2

Another remaining issue on CRS muting is the size of the CRS transmission bandwidth for category M2 UEs.  Following agreements were reached at last RAN4 meeting [3]:

	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.


For category M1 UEs, which have a bandwidth of 6 PRBs, CRS transmissions are always provided over the center 6 PRBs. These are so called the guaranteed set of PRBs containing CRS transmissions. But the transmission bandwidth of a category M2 UEs can be up to 24 PRBs. The discussion is on the number of PRBs to be used for transmitting the CRS continuously over the time, i.e. the number of PRBs in the guaranteed set for category M2. The UE uses the CRS transmission to do the frequency-time tracking and the UE is required to meet a certain timing error requirement on the uplink transmissions. The timing error requirement (Te) depends on the downlink bandwidth. The current timing error requirement for category M2 UEs is defined as shown below [2]:
Table 1: Te Timing Error Limit
	CE Mode
	Downlink Bandwidth (MHz)
	Te_

	A
	1.4
	24*TS

	A
	5
	[12]* TS

	B
	1.4
	48*Ts

	B
	5
	[40]* TS

	NOTE 1:
TS is the basic timing unit defined in TS 36.211.

NOTE 2:
This requirement applies regardless of the downlink carrier bandwidth.


Table 1 shows there is a clear relation between downlink BW containing CRS transmission and timing error. The timing error is tightened with increased bandwidth because UE can use more REs containing CRS to better estimate the channel. This means from a UE implementation perspective, larger downlink bandwidth containing CRS transmission is desirable. Nevertheless, in order to benefit from CRS muting and to reduce inter-cell interference to achieve good system performance, the fixed CRS transmission bandwidth should be kept as small as possible while allowing the core RRM procedures to be carried out as intended. Thus from a system perspective and to make this feature useful also for category M2 UEs, it is highly desirable to keep the fixed CRS transmission bandwidth at a reasonable number. This can be compensated for the UE by allowing some relaxation in the timing error requirement. It is noteworthy that some of the category M2 UEs may also operate under high velocity channel conditions. Under high velocity, the fixed set of PRBs where CRS transmissions are always guaranteed may need to be increased. We propose to increase the CRS transmission BW to 24 PRBs for high velocity UEs, and this increase should enable the UE to meet the Rel-14 cat-M2 timing requirements. Also the normal velocity UEs should be able to meet the same requirements since CRS over 24 PRBs are provided over the warm-up period. Our proposals can be summarized in Table 2 below.
Table 2: CRS transmissions BW for category M2 UEs under CRS muting
	CRS transmission BW in the center frequency
	CRS transmissions BW within UE BW in warm-up subframes [RB]
	UE Doppler frequency (V)
	Timing error (Te_)

	6 RBs
	24
	V < 220 Hz 
	12*Ts

	24 RBs
	24
	V ≥ 220 Hz
	12*Ts


· Proposal #2: For category M2 UEs, CRS transmissions and corresponding UE timing requirements are defined as in Table 2. 
3 Conclusion
In this contribution, we have discussed and provided our view on the remaining issues on CRS muting based on the last agreements on warm up period and transmission bandwidth for cat-M2 UEs. Based on the discussions, we have made following proposals:
· Proposal #1: The warm up period for CEModeB is defined as 2 DL subframes.

· Proposal #2: For category M2 UEs, CRS transmissions and corresponding UE timing requirements are defined as in Table 2. 
Table 2: CRS transmissions BW for category M2 UEs under CRS muting
	CRS transmission BW in the center frequency
	CRS transmissions BW within UE BW in warm-up subframes [RB]
	UE Doppler frequency (V)
	Timing error (Te_)

	6 RBs
	24
	V < 220 Hz 
	12*Ts

	24 RBs
	24
	V ≥ 220 Hz
	12*Ts


4 Reference

[1]. RP-170732, “New WID on Even further enhanced MTC for LTE”, RAN#75, March 2017.

[2]. TS 36.133, version 14.5.0
[3]. R4-1711868, “Meeting Minutes for eFeMTC/FeMTC RRM and Performance Ad Hoc”, Ericsson

2/4


