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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 with regard to warm up and cool down period for further study:
	· CRS is transmitted over the UR RF bandwidth Y1 subframes before and Y2 subframes after the abovementioned UE RF transmission and reception occasions to “warm up” and “cool down”:
· Y1 is warm up time: Y1 is FFS
· Y2 is the cool down time: Y2 is FFS


In this contribution, we discuss and provide our view on the warm up and cool down periods which are also called as preamble and post-amble. 
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
In addition, it was agreed that CRS is also transmitted over the UE RF bandwidth Y1 subframes before and Y2 subframes after the abovementioend UE RF transmission and reception occasions to “warm up” and “cool down” the receiver. 

2.2 Discussions on warm up and cool down period
Subframe containing SIBs 
The preamble and postamble period when UE is supposed to receive the SIBs can be defined as 1 subframe each. For reception of SIBs, UE knows the SIB window where the transmission take place. The actual reception can take place anywhere during the SI window. 1 subframe preamble is provided prior to SIB window to “wake up” and prepare the receiver for reception e.g. by doing some measurement and 1 subframe is provided  for postamble which can be used for e.g. channel estimation improvement.
· Proposal #1: A preamble and postamble of 1 subframe is provided during the subframes containing SIBs for cat-M1/M2 UEs under CRS muting. 
Paging occasions
The UEs in IDLE mode monitor the paging channel (MPDDCH) for an P-RNTI value which is used to indicate the paging or to inform about changes in system information. The paging channel is transmitted during certain occasions, known as Paging Occasions (POs) which is configured by the network using an equation. This means the network knows exactly in which subframes a certain UE will wake up and search for the P-RNTI in the control channel. The network can use this information to provide the CRS transmission in the bandwidth where the UE is configured for reception during the preamble and postamble period which are used to prepare the receiver for reception after being switched off and to do channel estimation improvement during cool-down process respectively. For this purpose, preamble and postmable can be of 1 ms long each. 
· Proposal #2: A preamble and postamble of 1 subframe is provided during the paging occasions for cat-M1/M2 UEs under CRS muting. 
DRX ON durations
It was agreed in [2] that CRS is also transmitted over the part of the cell bandwidth during the DRX ON durations. The DRX operation under CRS muting procedure can be illustrated as in Figure 1. It is clear that UE needs to receive CRS during the DRX ON duration to be able to receive control channel while the ‘onDurationTimer’ is running. The DRX cycle lengths are configurable by the network and it can vary as the possible values range from few 2 ms up to several seconds in normal DRX and even up to minutes in eDRX. The receiver circuitry is switched off during the OFF duration, and it typically wakes up prior to the ON duration to prepare the receiver for reception. For this purpose, a warm up period or preamble period is defined wherein the network is to provide the CRS transmissions during this period, see Figure 1.  It is expected that 1 subframe is sufficient for the warm up period.
Similarly, a cool down period or postamble period is needed after the ON duration because the UE may also use the subframes that come after the ON duration for various purpose, such as channel estimation. For this purpose, it expected that 1 subframes are sufficient. 
If the received control channel indicates that UE is expecting data reception or transmission, then  the UE starts the inactivity timer and stays awake until its expiry. In this case, network may have to continue transmitting CRS while this timer is running. 
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Figure 1 DRX operation with CRS muting
· Proposal #3: Preamble of 1 subframe and postambles of 1 subframe are provided for the UE during DRX ON durations. 
Scheduled subframes
No explicit preamble/postamble period is needed for this case because this case is already covered by the preamble/postamble period for DRX ON durations, see above. Before the UE is being scheduled, it will wake up during DRX ON durations to monitor the control channel. From this reception, UE knows whether it is going to be scheduled or not. In one example, UE may switch to CONNECTED mode to receive or transmit data (e.g. when transmitting/receiving large amount of data), then CRS transmissions are always provided. In another example, UE may continue to be in IDLE state, but receive or transmit small amount of data while drx inactivity timer is running. In this case, network will have to continue transmitting the CRS during while the timer is running.
· Proposal 4: No explicit preamble/postamble is needed for the scheduled subframes. 
Configured MPDDCH monitoring
No explicit preamble nor postamble period is necessary for this purpose since MPDDCH is monitored during the DRX ON durations. For DRX ON durations, pre- and postambles are already provided. 
· Proposal #5: No explicit preamble/postambles are needed for configured MPDDCH monitoring. 
RACH occasions (e.g. during Msg 2/4 reception)

CRS transmissions are also necessary for the UE during the message 2 and 4 in the RACH access procedure. The length of each preamble opportunities, i.e. the number of subframes available for preamble transmissions, are configurable and given by the prach-StartingSubframe [3]:
    prach-StartingSubframe-r13             ENUMERATED {sf2, sf4, sf8, sf16, sf32, sf64, sf128, 
                                                   sf256}             OPTIONAL,   -- Need OP
Similar to other occasions identified earlier, a preamble and postamble of 1 ms each is needed for RACH occasions containing message 2 and 4.  
· Proposal #6: Preamble and postamble of 1 ms each is provided for the RACH occasions containing MSG 2 and 4 to warm up and cool down the receiver. 
CRS for CSI measurement in subframes outside the MPDCCH search space
At last meeting, it was also not clear for the group whether additional CRS transmissions are necessary for CSI measurement in the subframes outside the MPDDCH search space. According to RAN1 specification, the resources used for CSI reporting is the same as that used for MPDDCH monitoring, see below [4]:

	In the time domain and for a BL/CE UE, the CSI reference resource is defined by a set of BL/CE downlink or special subframes where the last subframe is subframe n-nCQI_ref,
-    where for periodic CSI reporting nCQI_ref  is ≥ 4;

-    where for aperiodic CSI reporting nCQI_ref  is ≥ 4;

where each subframe in the CSI reference resource is a valid downlink or valid special subframe;

-    where for wideband CSI reports:

-     The set of BL/CE downlink or special subframes is the set of the last [image: image2.wmf](
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 subframes before n-nCQI_ref  used for MPDCCH monitoring by the BL/CE UE in each of the narrowbands where the BL/CE UE monitors MPDCCH, where [image: image3.wmf]DL
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 is the number of narrowbands where the BL/CE UE monitors MPDCCH.
-    where for subband CSI reports:

-     The set of BL/CE downlink or special subframes is the set of the last [image: image4.wmf]CSI
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subframes used for MPDCCH monitoring by the BL/CE UE in the corresponding narrowband before n-nCQI_ref ;
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is given by the higher layer parameter csi-NumRepetitionCE.



CRS transmissions are already provided during the MPDDCH monitoring, thus there is no need to provide additional CRS transmissions explicitly for CSI measurements.

· Observation #1: No additional CRS transmissions are needed for CSI reporting for Cat-M1/M2 UEs under CRS muting. 
3 Conclusion
In this contribution, we have discussed and provided our view on the warm up and cool down periods during certain occasions which were in [2]. The duration of period varies and depend on the type of occasions, and it seems some of the occasions don’t need any such periods at all. In brief, we have made following proposals and observation:
· Proposal #1: A preamble and postamble of 1 subframe is provided during the subframes containing SIBs for cat-M1/M2 UEs under CRS muting. 
· Proposal #2: A preamble and postamble of 1 subframe is provided during the paging occasions for cat-M1/M2 UEs under CRS muting. 
· Proposal #3: Preamble of 1 subframe and postambles of 1 subframe are provided for the UE during DRX ON durations. 
· Proposal 4: No explicit preamble/postamble is needed for the scheduled subframes. 
· Proposal #5: No explicit preamble/postambles are needed for configured MPDDCH monitoring.
· Proposal #6: Preamble and postamble of 1 ms each is provided for the RACH occasions containing MSG 2 and 4 to warm up and cool down the receiver. 

· Observation #1: No additional CRS transmissions are needed for CSI reporting for Cat-M1/M2 UEs under CRS muting. 
4 Reference

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

[2]. R4-1709085, “WF on CRS muting for eFeMTC RRM”, Huawei, HiSilicon, Ericsson
[3]. TS 36.331

[4]. TS 36.213

1/5


_1567500365.vsd
DRX cycle


DRX ON duration


Opportunity for DRX


Preamble


Postamble


Inactivity timer may run here



