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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.


RRM impact due to CRS muting was discussed at last RAN4 meeting, and a way forward was agreed in [2]. In particular, following issue was identified for further study:
	· Whether CRS over full cell bandwidth is needed for frequency scanning is FFS.

· Interested UE companies are encouraged to provide more information on the impact for frequency scanning due to CRS muting. 


In this contribution, we discuss the UE initial access using frequency scanning when the CRS muting is applied in the target cell. 
2 Discussion
2.1 Agreements
It was agreed at last meeting that CRS transmission are always provided in the center 6 PRBs by the network. In addition, the CRS transmissions are also provided over the part of the cell bandwidth where the UE is configured for reception or transmissions as listed below:

· Subframe containing SIBs  
· Paging occasions
· Scheduled subframes 
· DRX ON durations
· Configured MPDDCH monitoring 
· RACH occasions (e.g. during Msg 2/4 reception)
· FFS if additional CRS for CSI measurement in subframes outside the MPDCCH search space
2.2 Background
In LTE networks, minimizing the inter-cell interference can help increase the chances that downlink higher order modulation (64QAM, 256QAM) can be utilized to increase the downlink throughput for users experiencing good coverage conditions. This is achieved Rel-15 WI by muting the CRS transmissions outside BL UE narrowband/wideband. However, the CRS signals are always transmitted in the center 6 PRBs. The CRS muting is applied except in following scenarios:
· Subframe containing the SIBs and the subframe(s) preceding SIBs. CRS transmission over the UE RF bandwidth might be needed for the UE to do the AGC and channel estimation. The number of subframes preceding the SIBs is also called “warm up” period, and more discussions and analysis are needed to decide its length. 
· Paging occasions and the subframe(s) prior to paging occasions. 
· Scheduled subframes and the subframe(s) in advance
· During connection set up from X subframe prior to Msg2 until DRX configuration is sent to UE.
· DRX ON-durations and the subframe(s) in advance
In addition to the “warm up” period that takes place before the occasions listed above, the may be need for a “cool down” period as well. CRS transmission over the whole UE channel bandwidth are also provided during this time. 

The CRS muting concept is illustrated in Figure 1 below where it is shown that CRS transmission will always take place in the center 6 PRS while they are also transmitted only over the UE RF bandwidth from time to time (e.g. in DRX ON durations, in warm-up and cool-down period). 

[image: image1]
Figure 1: CRS muting over time and frequency domain
2.3 Discussions

CRS muting for MTC was discussed in RAN1, and an LS was sent asking RAN4 to define 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
And prior to following uplink transmission occasions:

· Random Access
· SRS
· PUCCH/PUSCH
Reduction of CRS transmissions to reduced bandwidth (i.e. the center 6 PRBs) can be enabled based on UE capability indication. The UE can indicate its capability related to whether its RF bandwidth is same as the bandwidth specified as UE channel bandwidth, e.g., 1.4MHz for UE DL Cat-M1. For example, it can signal to the network whether its receiver bandwidth is of 1.4 MHz or not. This information can be used by the network to decide whether to transmit the CRS over the full cell bandwidth or reduced cell bandwidth. This works fine in CONNECTED mode where the UE can make such signalling.
However, the issue that was brought up for investigation at last meeting was whether UE initial access procedure might be impacted due to CRS muting. In initial access UE has no prior knowledge of time-frequency resources over which the cell operates which it tries to access.  It is in the center frequency that the synchronization signals which contain the necessary information such as frame boundary, time/frequency information among others of the cell are transmitted. According to 3GPP specifications, the network node can set the center frequency every 100 kHz (channel raster). But UE does not know the exact center-frequency location in the frequency band, thus UE typically scans the frequency range and calculates the detected energy in that range. If the calculated power exceeds a threshold, UE assume LTE channel is available in this frequency region and then starts initial cell search process every 100kHz step. 
In our view, the overall initial access procedure may not be very impacted by the CRS muting feature for various reasons as explained here. Firstly, it shall be noted that the CRS transmissions are always transmitted in the center frequency. This means a UE can still use the legacy method of frequency sensing to detect presence of new LTE cells in parts of spectrum where the UE RF is tuned. But obviously the detected energy level might be lower compared to case where full bandwidth CRS transmissions are provided. This may for example require some changes in the threshold values used to detected presence of new cells. 

Secondly, according to agreements in [2] CRS transmissions are also provided in parts of the cell bandwidth where the UE reception is configured at different occasions as identified in [2]. But the problem is, though, that UE may not be tuned to this part of the bandwidth where CRS is transmitted since it has not access or not read the system information at this stage. Depending the tuned RF bandwidth, UE may detect variations in the calculated power spectrum density (PSD), but this may be time varying. 
Thirdly, the network node is expected to provide CRS transmissions over the UE bandwidth of UE Cat-M1/M2 before the random access (RA) opportunity to enable the UE to derive the UL timing e.g. during the warmup period. The network is aware of the part of the cell BW where the UE Cat-M1/M2 is configured also in idle mode e.g. the paging occasions. 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). 
To assist UE Cat-M1/M2 to perform an initial access (e.g. band scanning) we propose that the CRS are transmitted over full cell BW in one DL subframe every 20. This DL subframe with CRS over full BW can be transmitted before a RA opportunity which occurs once every 20 ms regardless of the actual RA configuration used. This means CRS will be transmitted only over the UE Cat-M1/M2 BW before RA opportunities which occur at periodicity less than 20 ms. 
An example of CRS transmission over full BW (every 20 ms) and over UE BW every 10 ms is shown in figure 2. In this example it is assumed that the RA occurs in the cell once every frame. 
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Figure 2 RS transmission over different parts of cell bandwidth during RA
PRACH-ConfigInfo ::=



SEQUENCE {


prach-ConfigIndex




INTEGER (0..63),


highSpeedFlag





BOOLEAN,


zeroCorrelationZoneConfig


INTEGER (0..15),


prach-FreqOffset




INTEGER (0..94)

}

Table 5.7.1-2: Frame structure type 1 random access configuration for preamble formats 0-3 (from TS36.211)

	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number

	0
	0
	Even
	1
	32
	2
	Even
	1

	1
	0
	Even
	4
	33
	2
	Even
	4

	2
	0
	Even
	7
	34
	2
	Even
	7

	3
	0
	Any
	1
	35
	2
	Any
	1

	4
	0
	Any
	4
	36
	2
	Any
	4

	5
	0
	Any
	7
	37
	2
	Any
	7

	6
	0
	Any
	1, 6
	38
	2
	Any
	1, 6

	7
	0
	Any
	2 ,7
	39
	2
	Any
	2 ,7

	8
	0
	Any
	3, 8
	40
	2
	Any
	3, 8

	9
	0
	Any
	1, 4, 7
	41
	2
	Any
	1, 4, 7

	10
	0
	Any
	2, 5, 8
	42
	2
	Any
	2, 5, 8

	11
	0
	Any
	3, 6, 9
	43
	2
	Any
	3, 6, 9

	12
	0
	Any
	0, 2, 4, 6, 8
	44
	2
	Any
	0, 2, 4, 6, 8

	13
	0
	Any
	1, 3, 5, 7, 9
	45
	2
	Any
	1, 3, 5, 7, 9

	14
	0
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	46
	N/A
	N/A
	N/A

	15
	0
	Even
	9
	47
	2
	Even
	9

	16
	1
	Even
	1
	48
	3
	Even
	1

	17
	1
	Even
	4
	49
	3
	Even
	4

	18
	1
	Even
	7
	50
	3
	Even
	7

	19
	1
	Any
	1
	51
	3
	Any
	1

	20
	1
	Any
	4
	52
	3
	Any
	4

	21
	1
	Any
	7
	53
	3
	Any
	7

	22
	1
	Any
	1, 6
	54
	3
	Any
	1, 6

	23
	1
	Any
	2 ,7
	55
	3
	Any
	2 ,7

	24
	1
	Any
	3, 8
	56
	3
	Any
	3, 8

	25
	1
	Any
	1, 4, 7
	57
	3
	Any
	1, 4, 7

	26
	1
	Any
	2, 5, 8
	58
	3
	Any
	2, 5, 8

	27
	1
	Any
	3, 6, 9
	59
	3
	Any
	3, 6, 9

	28
	1
	Any
	0, 2, 4, 6, 8
	60
	N/A
	N/A
	N/A

	29
	1
	Any
	1, 3, 5, 7, 9
	61
	N/A
	N/A
	N/A

	30
	N/A
	N/A
	N/A
	62
	N/A
	N/A
	N/A

	31
	1
	Even
	9
	63
	3
	Even
	9


· Observation #1: CRS is transmitted over full BW in at least one DL subframe every 20 ms e.g. before RA opportunity that occurs every 20 ms.
In summary, initial access is not expected to be highly impacted for cat-M1/M2 devices when CRS transmissions are reduced to certain bandwidth and they are lit up over full bandwidth periodically at different occasions. This periodic light up should assist the UE to do the initial cell search or band scanning. 
· Observation #2: No significant impact on UE initial access is foreseen for Cat-M1/M2 UEs when CRS muting is employed in the cell. 

3 Conclusion
In this contribution, we have discussed the UE initial access using frequency scanning when the CRS muting is applied in the target cell according to the WF agreed at last meeting. Based on the discussion, we have observed that the current procedure may also work under CRS muting. 
· Observation #1: CRS is transmitted over full BW in at least one DL subframe every 20 ms e.g. before RA opportunity that occurs every 20 ms.
· Observation #2: No significant impact on UE initial access is foreseen for Cat-M1/M2 UEs when CRS muting is employed in the cell. 
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