Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG2 Meeting #101bis
R2-1804840
Sanya, China, 16 - 20 April 2018
Revision of R2-1802195
Agenda Item:
9.14.10
Source: 
Huawei, HiSilicon
Title:
On CRS muting for BL UEs
Document for:
Discussion and Decision
1 Introduction
In RAN#75 a new WI on “even further enhanced MTC for LTE” (efeMTC) [1] was approved. One of the objectives of the WI is to improve system spectral efficiency by muting the CRS outside BL UE narrowband/ wideband.
	Improved spectral efficiency:

· 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.


In RAN4#86 meeting, an LS [2] below was sent to RAN2 to ask for signalling support for CRS muting: 

	RAN4 LS R4-1803492
1. Overall Description:

RAN4 has discussed CRS muting for Release 15 eFeMTC UEs. Based on the discussions, RAN4 conclusions are:

· RAN4 finds it beneficial that the network informs the Release 15 efeMTC UE information related to CRS muting in both RRC idle and RRC connected state, and the communicated information comprises:

· Whether or not CRS muting is enabled in the serving cell. 

In RRC connected state the Release 15 efeMTC UE should be configured with CRS muting information for the target cell e.g. in handover command. 

In addition, in a cell where CRS muting is applied, RAN4 agreed that CRS are always transmitted in the following number of PRBs in the centre of the cell BW:

· 6 PRBs, or

· 24 PRB

Therefore, there is a need for the network to inform UE about the number of PRBs in the central frequency of the cell bandwidth when muting is enabled.

2. Actions:

To RAN WG2: RAN2 is respectfully asks RAN2 to consider above information in their future work on CRS muting for Release 15 eFeMTC UE.




In this contribution, we will discuss the signalling support for CRS muting from RAN2 perspective.

2 Discussion
The cell-specific reference signal (CRS) is the first reference signal that a UE attempts to detect after the acquisition of the downlink synchronization signals. Currently, CRS is transmitted in each DL RB except in the MBSFN region or with Frame Structure 3, no matter wheether the RB is scheduled or not [3]. Legacy UEs can use the CRS across the whole system bandwidth for e.g. channel estimation, CSI acquisition, cell (re)selection etc. In RAN4#86 meeting, RAN4 approved the LS [2] which asked RAN2 to consider following signaling support for CRS muting:

· The network informs whether or not CRS muting is enabled in the serving cell in both RRC idle and RRC connected state.
· The source cell configures Rel-15 efeMTC UE with CRS muting information for the target cell.

· The network informs the number of PRBs in the central frequency of the cell bandwidth when CRS muting is enabled.

In the following section 2.1 and 2.2, we will discuss above issues in details. In section 2.3, we will discuss the impact of CRS muting on legacy UEs.
2.1 CRS muting enabling indication
According to LS [2], RAN4 finds it beneficial that the network informs the Release 15 efeMTC UE information related to CRS muting in both RRC idle and RRC connected state, and the communicated information comprises whether or not CRS muting is enable in the serving cell. Based on the information (or indication), the UE can adapt its operations accordingly. In order to cover both RRC idle UEs and RRC connected UEs and considering the rare change of the CRS muting enabling/disabling state, we think SIB1 is enough to carry the CRS enabled indication for the serving cell.
Proposal1: Introduce CRS muting enabling indication for the serving cell in SIB1.
Actually, enabling CRS muting benefits not only network overhead reduction but also UE power saving. If the cells enabling CRS muting and the cells not enabling CRS muting are deployed at the same time, it is beneficial for the UE power saving to select cells enabling CRS muting. Considering the state of CRS muting enabling is semi-static, which changes rarely, it is easy for the cells to co-ordinate the information with other neighboring cells. Then the serving cell can indicate the CRS muting state of the neighboring cell.
Observation1: It is beneficial for UE power saving to indicate the CRS muting state of the neighboring cells to assist UE cell reselection.
Proposal2: Introduce CRS muting enabling indication for neighbouring cells in the broadcast signalling.
Furthermore, not only the indication for neighboring cells but also the indication for serving cell can be used for cell reselection. If a UE supporting CRS muting related operation and if the serving cell doesn not support CRS muting, the UE may consider reselecting another cell. Therefore, we propose above indications are introduced as cell reselection related information.

Proposal3: CRS muting enabling indications are introduced as cell reselection related information.
2.2 CRS muting information
In a cell where CRS muting is applied, RAN4 agreed that CRS are always transmitted in the 6 PRBs or 24 PRBs in the centre of the system bandwidth. Actually, the above information is useful for not only RRC connected UEs but also RRC idle UEs. If the CRS muting information only includes the state indication and the number of PRBs for CRS transmission, it is enough to use broadcast signaling, which covers both RRC connected UE and RRC Idle UE. If there would be much more information related to CRS muting, we should take into account the broadcast signaling overhead. 
As analyzed above, it is also beneficial for an RRC idle UE to know the number of PRBs for CRS transmission, therefore, the number of PRBs for CRS transmission is introduced into broadcast signaling. Additionally, similarly as the CRS muting enabling indication, the serving cell can indicate the number of PRBs for CRS transmission for both the serving cell and neighboring cells.
Proposal4: Serving cell indicates the number of PRBs for CRS transmission in broadcast signalling for both serving cell and neighbouring cells.
2.3 Impact of CRS muting on legacy UEs
It was agreed CRS is always transmitted over the center 6 or 24 PRBs and the part of the cell bandwidth (1.4 MHz for Cat-M1, 5 MHz for Cat-M2) where the UE reception is configured during subframe containing SIBs, paging occasions, etc.. Whether CRS over full cell bandwidth is needed for frequency scanning if FFS. If CRS is muted in Rel-15 LTE regardless of legacy UEs, the performance of legacy UEs may be degraded. 
Observation2: CRS muting may degrade the performance of legacy UEs.
We provide an LS [4] to ask RAN4 to consider the degradation of the performance of legacy UEs in case of CRS muting.
Proposal5: RAN2 is kindly asked to send an LS to RAN4 to consider the degradation of the performance of legacy UEs, as well as informing them of the agreements.
In order to reduce the impact on legacy UEs in the cell enabling CRS muting, some mechanisms restricting legacy UEs from selecting the cell can be considered. 
Option1: Cell barred based mechanism
A cell enabling CRS muting can bar legacy UEs using legacy barring mechanism and allow UEs supporting CRS muting to select to the cell using a new barring mechanism. For example, in a cell where CRS muting is enabled, the cellBarred included in SIB1 can be set to barred. Then a new cellBarred2 can be introduced in SIB1 or SIB2 and is set to notBarred. Consequently, legacy UEs only read legacy cellBarred and find the cell is barred, and then legacy UE will not select this cell. For the UEs supporting CRS muting related operation, the UEs read both cellBarred and cellBarred2 (or only read cellBarred2) and find the cell is notbarred, and then these UEs can select the cell. 

Option2: Cell blacklist based mechanism
Similarly, in order to prevent legacy UEs wasting power on measuring the CRS muting cell, the neighbor cell blacklist for legacy UEs could include cells enabling CRS muting, while a new blacklist is introduced for CRS muting supporting UEs which does not include these cells. 
Based on measurements and cell selection/reselection criteria, a cell enabling CRS muting may be the strongest/best cell for the legacy UEs. If the UEs cannot access the cell e.g. due to barring, the UE will select a second best cell, which may impact UE performance particularly if the second best cell is on the same frequency due to IFRI being set. It is therefore better that legacy UEs and UEs that support CRS muting can access a cell, which enables CRS muting. 
Option3: Mimic cell bandwidth mechanism
Currently, UEs receive CRS over the cell bandwidth broadcasted in MIB. The legacy UEs will be assumed to receive the CRS over the cell bandwidth broadcasted in MIB. That is to say, the cell has to transmit CRS over the bandwidth broadcasted in MIB. It may be possible to broadcast a narrower bandwidth in the MIB for legacy UEs (E.g. 5MHz) while for the UEs supporting CRS muting, if the cell supports wider bandwidth than that broadcast in MIB, new UEs will receive CRS over the bandwidth broadcasted in MIB in IDLE mode, but can be scheduled over wider bandwidth. It seems the cell mutes the CRS in the outside of the bandwidth broadcasted in MIB. A new indication specific to CRS muting UEs would be needed, potentially in the MIB, to indicate the wider bandwidth available to these UEs.
Option4: Cell selection Offset based mechanism
Another option is to distribute the legacy UEs to cells that do not enable CRS muting. Actually, based on radio condition measurements the evaluated best cell may not in fact be the best cell considering the potential degradation of UE performance in the cell enabling CRS muting. Therefore, when doing measurements, it seems reasonable to compensate the cells not enabling CRS muting, for example by introducing an offset to the cell reselection criteria. Then the legacy earlier UEs can select these cells in some cases, but are restricted in other cases.

Proposal7: RAN2 is asked to consider the issue of degradation of UE performance in CRS muting cells in order to improve UE performance by taking into account above options. 
3 Conclusion and Proposals
In this paper, we discussed the impact of CRS muting and some potential solutions from RAN2 perspective and made the following observation and proposal: 
Proposal1: Introduce CRS muting enabling indication for the serving cell in SIB1.
Observation1: It is beneficial for UE power saving to indicate the CRS muting state of the neighboring cells to assist UE cell reselection.
Proposal2: Introduce CRS muting enabling indication for neighbouring cells in the broadcast signalling.
Proposal3: CRS muting enabling indications are introduced as cell reselection related information.
Proposal4: Serving cell indicates the number of PRBs for CRS transmission in broadcast signalling for both serving cell and neighbouring cells.
Observation2: CRS muting may degrade the performance of legacy UEs.

Proposal5: RAN2 is kindly asked to send an LS to RAN4 to consider the degradation of the performance of legacy UEs, as well as informing them of the agreements.
Proposal7: RAN2 is asked to consider the issue of degradation of UE performance in CRS muting cells in order to improve UE performance by taking into account above options. 
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