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Introduction
In RAN4 #85 meeting, a wayforward for CRS muting was approved in [1], and agreements are duplicated as below.
	· For Rel-14 and earlier UEs, non-negligible impact is expected for some legacy UEs if network-based CRS interference mitigation is used since some legacy UE implementations rely on long warm-up time which was not precluded by the standard since Rel-8
· RAN4 sees it beneficial for Rel-15 UE to be aware of whether network-based CRS interference mitigation is used by serving and neighbor cells in the area
· In RAN4#86, RAN4 will further discuss solutions for making Rel-15 UE to be aware of whether network-based CRS interference mitigation is used by serving and neighbor cells in the area
· RAN4 will further analyze the number of warm-up and cool-down subframes for different scenarios for both Rel-15 UE and Rel-14 (and earlier) UE



In this contribution, we would like to continue the analysis based on [1] and propose the number of warm-up and cool-down subframes for different scenarios for both R14 (and earlier) UEs and R15 (and later) UEs.
Criteria for warm-up and cool-down subframe design
CRS muting is a big change to network side and also it will bring big challenge to the legacy UE implementation if CRS is muted on any subframe that UE is used for any kind of implementation. In order to guarantee the backward compatibility to legacy UE, some possible methods were mentioned in RAN4 #84 meeting, one of options is to use “AllowedMeasBandwidth” to indicate CRS muting is used or not, but the current definition of this IE is used to indicate the maximum allowed measurement bandwidth on a carrier frequency as defined by the parameter Transmission Bandwidth Configuration "NRB" TS 36.104, and it can only be used to imply the carrier measurement bandwidth of neighbour cell rather than serving cell. So the most possible solution to mitigate the impact to legacy UE is: to reserve some warm-up and cool-down subframes to make sure legacy UE is able to manipulate the implementation on full bandwidth CRS before or after certain specified behaviour, e.g. random access. The criteria for warm-up and cool-down subframes design is to guarantee the backward compatibility, that is, the warm-up and cool-down subframes design should guarantee that CRS muting is fully transparent to legacy UE and will not cause any impairment to legacy UE. 
Note: Here the legacy UE means the R14-and-earlier UE.
Proposal 1:  The criteria for warm-up and cool-down subframes design is that it should guarantee that CRS muting is fully transparent to legacy UE and will not cause any degradation to legacy UE.
It is also important to note that it’s really difficult to design different warm-up and cool-down subframe numbers for legacy UE and R15 UE respectively for some scenarios. The reason is: in the network coverage there might be mixed UEs(legacy UE  and R15 UE); even though network can know the current active UEs are all R15, it’s very hard to say there is no legacy UE who is trying to access the network. If there is at least one legacy UE who tries to access network (this behavior is out of NW knowledge), the short WU/CD will also degrade the performance of this legacy UE (e.g. performance of SI reading, RACH) and in some cases it may increase the UE power consumption. So the warm-up and cool-down subframe design shall be a network behaviour and shall not be differentiated among different release UEs for some certain scenarios (e.g. RACH, SI reading), and in those scenarios the WU/CD design shall be based on the assumption of legacy UE. .
Proposal 2:  The warm-up and cool-down subframe design shall be based on the assumption of legacy UE for certain scenarios, e.g RACH and SI reading.
Warm-up and cool-down subframe design for legacy and R15 UE
As summarized in the previous WF in RAN4 #84, in this section we analyse the warm-up and cool-down subframes scenario by scenario.
	· IDLE
Full BW CRS shall be assumed during:
· All configured paging occasions and also [TBD subframes] for warm up & cool down
· SI acquisition (SIB1 and SI-window) and also [TBD subframes] for warm up & cool down
· RA procedure (at least partly), e.g.:
· Prio to RA transmission occasions, [TBD subframes]
· During Msg2 monitoring and also [TBD subframes] for warm up
· During Msg4 monitoring and also [TBD subframes] for warm up
eDRX:
· 6 RB CRS may be assumed outside PTW (inside PTW is according to the above)
· FFS additional warm up before the PTW
· CONNECTED
· DRX is configured: full BW CRS in serving cell during
· UE Active Time and also [TBD subframes] for warm up & cool down
· RA (at least partly)
· on-going retransmissions in UL and DL, in semi-persistently scheduled DL resources, in the  resources with HARQ feedback
· SCell activation period and when the SCell is activated except for the SCell deactivation period
· RSTD: existing requirements apply, under full BW CRS in positioning subframes


Paging occasions
For paging occasions UE is expected to monitor PDCCH during the on-duration time of DRX in order to check for the presence of a paging message and if the PDCCH indicate that a paging message is present, then UE needs to decode the paging message carried on PDSCH. In order to monitor the PDCCH and decode the corresponding PDSCH, UE may need some pre-processing before the possible paging occasion subframe, which includes e.g. AGC estimation and timing/frequency tracking. The algorithm for AGC estimation may differ among different companies, but the general idea shall be similar, that is, to maintain a constant signal level at the amplifier output to make sure the good reception of DL data. So in order to mitigate the impairment to legacy UE AGC, at least one subframe with full bandwidth shall be reserved. In CA activation requirement, 20ms is assumed for CRS timing and frequency tracking where TDD configuration 0 is considered as the worst case, and that mean in CONNECTED mode at least 4 subframes shall be used for timing and frequency tracking. Even though the higher SINR may shorten the timing/frequency tracking delay, we still need to focus on the worst case to reserve sufficient subframes for UEs with all conditions and then we choose to use 4 subframes. We propose to use the similar approach here, and propose that at least 4 subframes shall be reserved for timing and frequency tracking with full bandwidth CRS. So considering 1 subframe margin, in total the warm-up subframe number is at least 6 for non-MBSFN subframe case. 
For cool-down subframes, some of them might be used for continuous channel estimation, and the subframe number used for channel estimation is significant rely on which algorithm is used, and here in order to consider the margins and the possible algorithm, we propose at least 1 subframes shall be used for cool-down.
Besides the paging in IDLE mode, paging is also used in CONNECTED mode for e.g. CMAS(commercial mobile alert system)/ETWS(Earthquake and tsunami warning system); so the full BW CRS shall be assumed during all configured paging occasions in both IDLE and CONNECTED.

Proposal 3: the full BW CRS shall be guaranteed during all configured paging occasions in both IDLE and CONNECTED.

Proposal 4: For R14 and earlier UE, at least [6] subframes with full bandwidth CRS shall be reserved for warm up before all configured paging occasions, and at least [1] subframe with full bandwidth CRS shall be reserved for cool down after all configured paging occasions, in both IDLE and CONNECTED.
SI acquisition 
UE needs to read SIB1 and SIB2 before the random access, so the warm-up can cool-down subframes are necessary for all the SIB1 and SIB2 occasions. Moreover, it is up to UE implementation to read the other SIBs ant any available SI occasion, and therefore it’s necessary to reserve sufficient warm-up and cool-down subframes for those SI acquisition as well. SIB1 and all the SI windows for other SIBs are carried on PDSCH, and therefore the same design of paging reception can be reused for SI acquisition.
Besides the SI acquisition in IDLE mode, SI acquisition is also need to be considered in the CONNECTED mode, and also if the RLF happens then the SI acquisition is needed during the RRC reestablishment.
Proposal 5: the full BW CRS shall be guaranteed during all SI acquisition windows (all SIBs) in all cases (including IDLE, CONNECTED and other cases).
For SI acquisition, the number of warm-up/cool-down subframes for IDLE and CONNECTED modes could be same, since in CONNECTED mode the SI acquisition may happen when RLF is triggered (which is quite similar as IDLE condition). As stated in proposal 2, the mechanism for warm-up and cool-down shall not be different for R14 and R15 UE SI reading. 
Proposal 6: For both R14 (and earlier) UEs and R15 (and later) UEs, at least [6] subframes with full bandwidth CRS shall be reserved for warm up before SIBs, and at least [1] subframe with full bandwidth CRS shall be reserved for cool down after SIBs, in all cases. SIBs here includes SIB1 and all the SI windows.
Random access
Random access may be needed in both IDLE and CONNECTED modes, and moreover, during initial access or reestablishment. Before RA the timing information is very important for UL transmission of the preamble, and the related requirement is defined in TS36.133 as,
	The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX, eDRX_CONN cycle for PUCCH, PUSCH and SRS or it is the first transmission after RACH-less handover or it is the PRACH transmission.


The Te is partially related with DL BW which is assumed to carry CRS on full BW. So in this case, we need to consider the subframes before the RACH for timing estimation, and therefore considering the implementation and some margin, we propose to reserve 6 subframes with full BW CRS before each RA in all cases (including IDLE, CONNECTED and other cases). As stated in proposal 2, the mechanism for warm-up and cool-down shall not be different for R14 and R15 UE RACH. 
Proposal 7: For both R14 (and earlier) UEs and R15 (and later) UEs, at least [6] subframes with full bandwidth CRS shall be reserved before RA transmission occasions in all cases.
For msg2 and msg4 monitoring, the mechanism shall be similar as PDSCH reception (analysed in paging reception) and both warm-up and cool-down are needed.
Proposal 8: For both R14 (and earlier) UEs and R15 (and later) UEs, at least [6] subframes with full bandwidth CRS shall be reserved for warm up before msg2&4 reception, and at least [1] subframe with full bandwidth CRS shall be reserved for cool down after msg2&4 reception, in all cases.
UE active time in C-DRX
The active time defintion is specified in TS36.321:
	When a DRX cycle is configured, the Active Time includes the time while: 
-	onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or drx-ULRetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
-	an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer for synchronous HARQ process; or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).


The on-going retransmissions in UL and DL in the  resources with HARQ feedback are already taken into account in the active time of CDRX. And the UE is not require to monitor the PDCCH outside the active time and that means UE is also not required to receive PDSCH out side the active time. So the full BW CRS shall be guaranteed during UE active time.
For CQI reporting in CDRX, the UE behaviour is required as below(TS36.321):
	-	if CQI masking (cqi-Mask) is setup by upper layers:
-	in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.
-	else:

	

-	in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.


The main idea is: if CDRX is eanbled and UE is in sleeping due to CDRX acitivity, UE is not required to send CSI(CQI /PMI /RI).
However, in C-DRX case, the AGC and time/frequency tracking may need to be pre-processed, and UE will also reserve some subframes after the on-duration time for certain UE implementations of channel estimation and some margins reagrdless of whether other timer is triggered or not. The early warm-up and later sleep-down subframes may be varied according to the SINR condition and DRX cycle length, but as a worst case, we propose to reserve 10 subframes for warm up and 6 subframes for cool down before and after UE on-duration time in C-DRX. 
Proposal 9: For R14 and earlier UE, at least [10] subframes with full bandwidth CRS shall be reserved for warm up before UE on-duration time in C-DRX, and at least [6] subframes with full bandwidth CRS shall be reserved for cool down after UE on-duration time in C-DRX.
Scheduling request(SR) in CDRX
For SR transmission it may be carried on PUCCH or on RACH (if there is no PUCCH resource avaiable, defined in TS36.300), but the warm-up and coold mechanism for SR over RACH can be considered as normal RACH case. Here we focus on SR over PUCCH, in CDRX, UE can send SR even when it is outside the active time, however once UE sends SR to eNB, it should monitor PDCCH continuously till it gets DCI0. Before the UE send SR, UE may need subframes (6 subframs) to derive/calibrate the UL timing to make sure a synchronized trasmission to eNB, and after receive the PDCCH of UL grant UE may also need subframe (1 subframe) of cool-down for some channel estimation implementation.
Proposal 10: For R14 and earlier UE, at least [6] subframes with full bandwidth CRS shall be reserved for warm up before UE SR-over-PUCCH, and at least [1] subframes with full bandwidth CRS shall be reserved for cool down after UE received corresponding UL grant, and full bandwidth CRS shall be guaranteed from UE SR-over-PUCCH to the corresponding UL grant reception.
RSTD measurement in CDRX
In RSTD measurement, to generate an accurate measurement window to receive PRS/CRS from positioning cells, the UE may first need to derived the timing of reference cells (e.g. serving cell), and then use the prs-SubframeOffset and/or expectedRSTD to make sure the target cell PRS/CRS can be covered by this window. So that means before the PRS/CRS reception UE may also need warm-up subframes to tracking the reference cell DL timing and also to set proper AGC. So we propose to reserve 6 subframes before RSTD measurement occaisions for warm-up.
Proposal 11: For R14 and earlier UE, at least [6] subframes with full bandwidth CRS shall be reserved for warm up before RSTD measurement occasions, and full bandwidth CRS shall be guaranteed during all RSTD measurement occasions.

Based on the analysis above, the following table is proposed for the warm-up and cool-down mechanism:
Table 1. Warm-up and cool-down mechanism summary for R14 (and earlier) UE 
	Scenario
	Mode
	Warm-up subframes
	Cool-down subframes 
	Other full BW CRS occasions

	All configured paging occasions
	IDLE, CONNECTED
	[6] 

	[1] 
	All paging occasions

	SI acquisition (SIB1 and SI-window) 
	IDLE, CONNECTED
	[6] 
	[1] 
	All SI reading windows(incl. SIB1 and all other SIBs)

	Prior to RA transmission occasions
	IDLE, CONNECTED
	[6] 
	[0]
	In Connected mode from RAR window to HO complete;
In IDLE mode, from RAR window to RRC configuration complete

	Msg2 monitoring duration
	IDLE, CONNECTED
	[6] 
	[1] 
	

	Msg4 monitoring duration
	IDLE, CONNECTED
	[6] 
	[1] 
	

	On-duration of CDRX
	CONNECTED
	[10]

	[6]

	During active time

	SR over PUCCH in CDRX
	CONNECTED
	[6] 

	[1] 
	From UE SR-over-PUCCH to the corresponding UL grant reception

	RSTD measurement
	CONNECTED
	[6] 

	[0] 
	All RSTD measurement occasions


CRS muting indication
Based on the analysis above, for R15 and later UE in the network, if those UEs can have the CRS muting information from network then they may be able to work well under 6PRB CRS for both RRM and Demod, compared with legacy UE. The serving cell CRS muting information might be obtained from system information or from dedicated RRC signalling, while the neighbour cell CRS muting information might be obtained from current serving cell RRC signalling associated with the corresponding cell ID. The CRS muting information might also include the duration of warm-up and cool-down for facilitating UE behaviour. The detailed indication signalling can be designed in RAN2.
Proposal 12: CRS muting information for serving cell can be obtained from system information or RRC signalling while the CRS muting information for neighbour cell can be obtained from current serving cell RRC signalling associated with the corresponding cell ID.
Conclusion
In this contribution, we would like to analyse and propose the number of warm-up and cool-down subframes for different scenarios.
Proposal 1:  The criteria for warm-up and cool-down subframes design is that it should guarantee that CRS muting is fully transparent to legacy UE and will not cause any degradation to legacy UE.
Proposal 2:  The warm-up and cool-down subframe design shall be based on the assumption of legacy UE for certain scenarios, e.g RACH and SI reading.
The following table is proposed for the warm-up and cool-down mechanism (proposal 3 ~ 11):
Table 1. Warm-up and cool-down mechanism summary for R14 (and earlier) UE 
	Scenario
	Mode
	Warm-up subframes
	Cool-down subframes 
	Other full BW CRS occasions

	All configured paging occasions
	IDLE, CONNECTED
	[6] 

	[1] 
	All paging occasions

	SI acquisition (SIB1 and SI-window) 
	IDLE, CONNECTED
	[6] 
	[1] 
	All SI reading windows(incl. SIB1 and all other SIBs)

	Prior to RA transmission occasions
	IDLE, CONNECTED
	[6] 
	[0]
	In Connected mode from RAR window to HO complete;
In IDLE mode, from RAR window to RRC configuration complete

	Msg2 monitoring duration
	IDLE, CONNECTED
	[6] 
	[1] 
	

	Msg4 monitoring duration
	IDLE, CONNECTED
	[6] 
	[1] 
	

	On-duration of CDRX
	CONNECTED
	[10]

	[6]

	During active time

	SR over PUCCH in CDRX
	CONNECTED
	[6] 

	[1] 
	From UE SR-over-PUCCH to the corresponding UL grant reception

	RSTD measurement
	CONNECTED
	[6] 

	[0] 
	All RSTD measurement occasions



Proposal 12: CRS muting information for serving cell can be obtained from system information or RRC signalling while the CRS muting information for neighbour cell can be obtained from current serving cell RRC signalling associated with the corresponding cell ID.
References
[1] R4-1714498, “Way Forward on RRM with Network-Based CRS Interference Mitigation”, Ericsson, RAN4 #85 


6/6
