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1 Background
In LS R1-1805822, RAN4 communicated the decision of introducing a non-backwards compatible carrier for CRS interference mitigation, with the following agreements:
· The CRS muting can only be enabled in cells on some dedicated carriers. Legacy UEs (Rel-14 or earlier UEs) or UE not capable of supporting network-based CRS interference mitigation shall not be served by and shall not be accessing cell(s) on the dedicated carrier where network-based CRS interference mitigation is used
· The signalling support for network-based CRS interference mitigation includes:
· Information from the network to make the UE aware of whether network-based CRS interference mitigation is enabled or not:
· The following SI information is needed at least for UE in RRC_IDLE:
· Network-based CRS interference mitigation is enabled or disabled in the serving cell
· NOTE: This information should be provided to the UE as early as possible

In this contribution, we present our views on how to prevent legacy UEs from camping in muted cells.
2 Preventing legacy UEs from camping in muted cells
All LTE UEs since Rel-8 assume a minimum amount of CRS to perform basic tasks such as time/frequency tracking, measurements for cell reselection, channel estimation, etc. As agreed in RAN4, RAN1/RAN2 need to define techniques to avoid legacy UEs from camping in these cells as early as possible. In the following, we analyse different ways to achieve this objective at different stages of the cell search/acquisition process:
1.- PSS/SSS: The first operation carried out by the UE is to detect PSS and SSS. At this stage, the UE is not aware of the cell ID or radio frame/subframe boundaries, so it does not process CRS. Breaking the backwards compatibility at this stage would prevent any harmful effect to legacy UEs, but may increase the search complexity.
2.- PBCH: While processing PBCH, the UE is not aware of the system bandwidth, and thus can only assume CRS in the center 6 PRBs. Since the techniques introduced by RAN4 for CRS muting keep CRS in the center 6 PRBs, the general CRS processing while decoding PBCH should not be affected. After decoding PBCH, the UE knows the system bandwidth, and thus this is the first stage where the UE may be impacted by CRS muting. If the technique to prevent legacy UEs from camping is introduced in PBCH, the degradation to these UEs is expected to be minimal.
3.- SIB (e.g. SIB1): Upon MIB detection, the UE starts monitoring PDCCH to acquire system information. For this, the UE needs to decode PDCCH, for which wideband processing is required. Note that, during the cell reselection process, the eNB is not aware of whether a UE is operating in “wideband mode”, since there is no UE indication to eNB during system acquisition. Since the UE has already detected PSS/SSS/PBCH, and thus knows the system bandwidth, the UE assumes CRS presence in the whole bandwidth in subframes that cannot be configured as MBSFN. If the eNB is performing CRS muting, then the UE behavior is unpredictable (e.g. multiple retries to decode SI, erratic time/frequency behavior due to misaligned assumption on presence of CRS, etc.). Some eNB may try to ensure a certain number of warm-up subframes with the wideband CRS before every SIB occasion. However, since different legacy UE requires a different number of warm-up subframes up to its own implementation, there is no way for the eNB to strictly guarantee the reliable SIB acquisition of the legacy UE except disabling the CRS muting. Thus, including CRS muting information in SIB1 introduces multiple issues in legacy UEs.

Note that, during Rel-14, a non-backwards compatible carrier was introduced under the FeMBMS work item. The problem studied in that case was very similar to the one related to CRS muting: we need to prevent legacy UEs from camping on this cell as soon as possible. The solution adopted in Rel-14 was to change the scrambling of PBCH to avoid unpredictable legacy UE behavior. This technique is introduced as follows in TS 36.211:
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The block of bits, where , the number of bits transmitted on the physical broadcast channel, equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix, shall be scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits  according to







where the scrambling sequence  is given by clause 7.2. The scrambling sequence shall be initialised with  in each radio frame fulfilling . For an MBMS-dedicated cell, the scrambling sequence shall be initialised with  in each radio frame fulfilling .


We propose to introduce the same technique for a carrier supporting CRS muting. To avoid confusion also with MBMS-dedicated cells, we propose to initialize the scrambling sequence of PBCH with .

Proposal 1: For a carrier operating with CRS muting, the PBCH scrambling is initialized by 
	- Send LS to RAN4 cc RAN2 with this agreement.

Proposal 2: Endorse text proposal TP1, introducing the new PBCH scrambling in TS 36.213.

<TP1 (TS 36.213)>
6.6.1	Scrambling



The block of bits, where , the number of bits transmitted on the physical broadcast channel, equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix, shall be scrambled with a cell-specific sequence prior to modulation, resulting in a block of scrambled bits  according to







where the scrambling sequence  is given by clause 7.2. The scrambling sequence shall be initialised with  in each radio frame fulfilling . For an MBMS-dedicated cell, the scrambling sequence shall be initialised with  in each radio frame fulfilling . For a cell operating with network-based CRS interference mitigation, the scrambling sequence shall be initialised with  in each radio frame fulfilling 

</TP1>

3 Summary
In this contribution we presented our views on how to prevent legacy UEs from camping in cells under CRS-muting operation. We conclude that including the information in SIB1 may lead to unpredictable behavior in legacy UEs, and thus make the following proposals:

Proposal 1: For a carrier operating with CRS muting, the PBCH scrambling is initialized by 
	- Send LS to RAN4 cc RAN2 with this agreement.

Proposal 2: Endorse text proposal TP1, introducing the new PBCH scrambling in TS 36.213.
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