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1
Introduction 
In the last RAN meeting, a new WI [1] called “network-based CRS mitigation” (NW-CRS-IM) was approved. Network-based Cell-specific Reference Signals (CRS) mitigation for lean carrier concept consists of muting CRS when not needed for idle UEs and connected UEs. According to [1], 2 main targets of this WI are to identify cases where the network can mitigate CRS and to identify impact to the legacy UE procedures. This contribution provides some analysis on potential impact of CRS muting on demodulation in legacy device on lean carrier cell. 

2
Discussion
2.1 CRS Muting

TS 36.211 (for an example, v13.0.0) states the UE may assume CRS are, unless otherwise stated in TS 36.213, transmitted in 

· all downlink subframes for frame structure type 1,

· all downlink subframes and DwPTS for frame structure type 2,

· non-empty subframes for frame structure type 3

in a cell supporting PDSCH transmission.

TS 36.211 states the reference signal sequence 
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Note the range of k, the index of subcarrier carrying CRS, depends on the 
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, which is the number of PRBs indicated by MIB. Therefore, all legacy UEs general assume wideband CRS transmission on the whole carrier bandwidth. 
Actually, in some cases, UE may not assume wideband CRS transmission in DL subframes in frame structure types 1 and 2.

· Discovery signal: TS 36.213 (for an example, v13.2.0) clause 12 states there is only one instance where the UE may not assume CRS are transmitted. This is when UE supports discoverySignalsInDeactSCell-r12, and if the device is configured with discovery-signal-based RRM measurements on a carrier frequency applicable for a secondary cell on the same carrier frequency, and if the secondary cell is deactivated, and if the UE is not configured by higher layers to receive MBMS on the secondary cell, the UE shall, except for discovery-signal transmissions, assume that PSS, SSS, PBCH, CRS, PCFICH, PDSCH, PDCCH, EPDCCH, PHICH, DMRS and CSI-RS may be not transmitted by the secondary cell until the subframe where an activation command is received for the secondary cell.

· MBSFN subframe: TS 36.211 states that in an MBSFN subframe, CRS shall only be transmitted in the non-MBSFN region of the MBSFN subframe.

Hence, it can be stated that based on the reading of specifications the CRS muting on lean carrier on a cell (except for the cases of discovery signal and MBSFN) is a non-conformance to the specifications from legacy UE viewpoint. And, we think it is UE implementation flexibility to exploit the full bandwidth property to improve UE performance, such as ACG, timing/frequency offset tracking, pathloss estimation, channel estimation, …, etc.. 
Observation 1: From a legacy UE viewpoint, CRS muting on lean carrier is a non-conformance to the 3GPP specifications.
2.2 CRS Muting Impacts on Demodulation in legacy device
CRS transmitted outside inner 6 PRBs could be muted when baseband receiver functions implemented in demodulation sub-system such as Automatic Gain Control, Adaptive Frequency Correction, Mobility Detection, Noise Estimation, Delay Spread estimation, channel estimation are not needed. In a typical receiver implementation, these baseband receiver algorithms rely on full-bandwidth CRS. 
For examples, 
· Channel estimation algorithm may consist of 2-D filtering of CRS-based channel estimates over the whole bandwidth and across several subframes to minimize channel estimation error due to time-varying fading, frequency selectivity, and noise. 
· AFC algorithm which will converge more rapidly if full-bandwidth CRS can be used over some subframes. The actual subframes number depends on (at least) the tracking algorithms, device internal clock drift, as well as DRX configuration. A long DRX configuration of 1 second or longer is not uncommon in LTE networks to save power consumption in device for both Idle and Connected modes. 
In both considered examples, a device unware that CRS muting is used in the lean carrier cell will process muted CRS as well as non-muted CRS. This will results in lower quality channel estimates and less accurate synchronization tracking with significant impact on demodulation performance.   

Proposal 1: CRS muting backward compatibility shall ensure no degradation in baseband receiver algorithms in demodulation sub system for legacy UE devices
Baseband receiver algorithms are typically implemented in software with some highly processing-intensive sub-functions typically carried out by some specialized hardware. Their performance requires extensive field testing and IODT test efforts. It is desirable to minimize impact on the baseband receiver algorithms to ensure no excessive delay for the introduction of the new feature.
Proposal 2: RAN4 will try to minimize impact of CRS muting on device implementation to ensure there will be no major redesign of baseband receiver algorithms in device hardware required.

2.3 CRS Muting Restrictions for idle/connected devices
It was proposed in [1] to have warm up and cool down phases for device entering and leaving DRX_ON. These phases consist of a number of pre-subframes (warm-up) and post-subframes (cool down) as illustrated in Figure 1. 
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Figure 1. Pre- and Post- subframes with full-bandwidth CRS in DRX procedure 

As mentioned in the section 2.1, AFC algorithm may require some subframes with full-bandwidth transmitted to converge and provide sufficient frequency–offset correction. The clock drift depends on the implementation assumption for the crystal accuracy and its cost. A typical clock drift of several us/second can be experienced. To improve design roubustness, a possible implementation is to take this effect into consideration when selecting warm-up subframes. The longest DRX cycle is specified to be 2560 subframes. The minimum short DRX cycle is 2 ms. In case of very long DRX cycle, the device may either interrupt its DRX sleep or wake up sufficiently early for AFC to avoid subcarrier index ambiguity due to frequency drift. Devices experiencing poor coverage conditions will suffer more significant from noise-limited signals which may further increase the AFC algorithm convergence time. 
Observation 2: A device may interrupt its DRX sleep or wake up sufficiently early in very long DRX configuration scenario

Proposal 3: CRS muting backward compatibility shall transmit sufficient number of warmup subframes depending on DRX configuration with full-bandwidth CRS for legacy device entering DRX ON to ensure no impact on synchronization tracking. 
As mentioned in section 2.1, channel estimation algorithm may use full-bandwidth CRS across several subframes to minimize channel estimation error. A typical implementation will do a look-backward over several CRS OFDM symbols at time t=n-K1 and look-forward over several CRS OFDM symbols at time t=n+K2 to provide channel estimates for a given OFDM symbol at time n. CRS OFDM symbols in previous subframes and next subframes may be used with CRS OFDM symbols in current subframes for channel estimation depending on receiver implementation algorithms.  
The actual number for warmup/cooldown subframe highly depends on UE implementation algorithm, which can be different by UE vendors. To accommodate legacy devices from all the UE vendors, we think inputs from UE vendors are important. Furthermore, the PDCCH and PDSCH demodulation performance in DRX cases with CRS muting should be further evaluated to study impact on not only dedicated data demodulation but also on paging and SI reading.

Proposal 4: CRS muting backward compatibility shall transmit sufficient number warmup/cooldown subframes with full-bandwidth CRS for legacy device entering DRX ON to ensure no impact on channel estimation.

Proposal 5: The PDCCH and PDSCH demodulation performance in DRX cases with CRS muting should be further evaluated.

2.4 CRS Interference Cancellation on Lean Carrier Cell 

Blind CRS-IC is a useful feature that can be used to improve the demodulation performance of both PDCCH/ PCFICH and PDSCH. Blind CRS IC can be done in the device without CRS-AssistanceInfo Information Element (e.g., specified in Rel-11 eICIC feature). Legacy device performing blind CRS-IC has no way of knowing the CRS muting applied on the lean carrier cell. It assumes full-bandwidth CRS in serving cell and neighbouring cells according to LTE specifications. Hence, it is challenging to reliably estimate inter-cell CRS interference and cancel it. To our understanding, blind CRS IC is a common skill to improve demodulation performance in legacy UEs, the impacts due to non full-bandwidth CRS should be carefully evaluated. 

Observation 3: Blind CRS IC a UE-based implementation in legacy devices. The impact due to CRS muting performance is unknown and should be evaluated.

Proposal 6: Demodulation performance degradation of blind CRS IC should be evaluated in this WI.

In case Rel-11 CRS-AssistanceInfo IE can be reused, CRS IC performance gains for Rel-11 FeICIC (data channels) and Rel-13 LTE_IM_DLCCH (control channels PDCCH, PCFICH) can provide good CRS IC performance. However, Rel-11 network assistance signalling for these IC features is not believed to be backward compatible with CRS muting on lean carrier cell. Hence, it cannot be used to indicate the CRS muting to legacy devices for Rel-11 FeICIC and Rel-13 LTE_IM_DLCCH features.
CRS-AssistanceInfo-r11 ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},


mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList,


...

}

Observation 4: Release-11 network assistance with CRS-AssistanceInfo Information Element is not compatible with CRS muting.
Table 1 below identify ICIC scenarios which should be further evaluated to study impact of CRS muting and potential solutions.

	Feature
	3GPP Release

	UE-based blind CRS-IC
	-

	feICIC
	Rel-11

	CRS-IM
	Rel-13

	NAICS
	Rel-12


Table 1. ICIC features for further evaluation on lean-carrier cell.

In case the impact is identified, it is possible that some modification in TS 36.211 is needed in order to change UE’s understanding on wideband CRS, as we discussed in Section 2.1. RAN4 can invite RAN1 to evaluate IC issues. And, if signalling modification to NW-assisted IC is needed, RAN2 should be consulted.

Proposal 7: In case the impact is identified, RAN4 can inform RAN1/2 on their corresponding spec changes.
3
Conclusion

In this contribution, legacy impacts on demodulation in lean carrier cells where CRS muting is applied by the network was discussed. We make a number of observations and proposals

Observation 1: From a legacy UE viewpoint, CRS muting on lean carrier is a non-conformance to the 3GPP specifications.
Observation 2: A device may interrupt its DRX sleep or wake up sufficiently early in very long DRX configuration scenario
Observation 3: Blind CRS IC a UE-based implementation in legacy devices. The impact due to CRS muting performance is unknown and should be evaluated.
Observation 4: Release-11 network assistance with CRS-AssistanceInfo Information Element is not compatible with CRS muting.
Proposal 1: CRS muting backward compatibility shall ensure no degradation in baseband receiver algorithms in demodulation sub system for legacy UE devices
Proposal 2: RAN4 will try to minimize impact of CRS muting on device implementation to ensure there will be no major redesign of baseband receiver algorithms in device hardware required.
Proposal 3: CRS muting backward compatibility shall transmit sufficient number of warmup subframes depending on DRX configuration with full-bandwidth CRS for legacy device entering DRX ON to ensure no impact on synchronization tracking.
Proposal 4: CRS muting backward compatibility shall transmit sufficient number warmup/cooldown subframes with full-bandwidth CRS for legacy device entering DRX ON to ensure no impact on channel estimation.
Proposal 5: The PDCCH and PDSCH demodulation performance in DRX cases with CRS muting should be further evaluated.
Proposal 6: Demodulation performance degradation of blind CRS IC should be evaluated in this WI.
Proposal 7: In case the impact is identified, RAN4 can inform RAN1/2 on their corresponding spec changes.
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