3GPP TSG RAN WG4 Meeting #68
R4-133390
Barcelona, Spain, 19-23 August 2013

Title: 
Impact of NCT on inter-frequency requirements
Source: 
Ericsson 

Agenda Item:
8.2.1
Document for:
Discussion
1 Introduction
In RAN1 #72 RRM for the NCT was discussed, mainly addressing when RRM measurements are applicable. In the discussion, it was concluded that RRM measurements need to be supported on both synchronized and unsynchronized NCT. Also in RAN1 #73 stand-alone NCT versus CA-based NCT was discussed and it was concluded that
· In scenarios where CA is relevant, the gains of S-NCT compared to NS-NCT depend on the proportion of CA-capable UEs and are large when the proportion of non-CA-capable UEs is not small

· Note that, although it is not directly part of the above comparison, some companies have shown that BCT has similar gain over NS-NCT in such scenarios

· In the absence of legacy UEs, the gains of S-NCT compared to BCT show a large spread between different companies 

· Study further

In [2] the impact of NCT in carrier aggregation mode (CA-NCT) on RRM measurement requirements is discussed where requirements are applicable to all carrier aggregation capable UE which have been configured with at least one NCT in downlink SCell. As explained in section 8.3 in [1], non configured frequencies may be measured with measurement gaps according to requirements in section 8.1.2.3 (E-UTRAN inter frequency measurements). In this contribution we discuss the impact of NCT on inter-frequency requirements.
2  Summary of RRM Requirements for NCT

As mentioned in the introduction, there has not been any agreement in RAN1 whether NCT can be in stand-alone mode or only in CA-mode. In the following discussion we consider only the CA-mode, i.e where NCT is in the SCell. Current assumption on common reference signals for NCT is that “new carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity”. There has been no decision by RAN1 on the bandwidth of the RS port, i.e., whether full bandwith or partial bandwidth must be used. In the following we study the impacts of NCT on the RRM inter frequency measurement requirements considering the CA mode, and RS port transmitted every 5th subframe.

Requirements in section 8.3 of 36.133 are applicable to all carrier aggregation capable UE which have been configured with at least one downlink SCell. However, it is mentioned that “non configured frequencies may be measured with measurement gaps according to requirements in section 8.1.2.3” (E-UTRAN inter frequency measurements). In the following section the impact of NCT on inter-frequency measurement requirements are discussed.
3 Impact of NCT on inter-frequency measurement requirements
According to 8.1.2.3 in 36.133, the UE shall be able to identify new inter-frequency cells and perform RSRP and RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the PCell, even if no explicit neighbour list with physical layer cell identities is provided.
The UE performs inter-frequency measurements in measurement gaps. However UE does not need gaps if it has the capability of performing these measurements without gaps. 
3.1 E-UTRAN inter frequency measurements without DRX
When measurement gaps are scheduled, or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new inter-frequency within TIdentify_Inter according to the following expression [1]
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where TBasic_Identify_Inter = 480 ms, and TInter1 is the minimum time available for measurement. The above equation is valid for all combinations of inter-frequency measurements (FDD-FDD, TDD-TDD, TDD-FDD, or FDD-TDD). 
Due to reduced CRS periodicity in NCT, there is less flexibility in measurement sampling for interfrequency measurements (i.e. cell identification and RSRP/RSRQ measurements) especially when UE needs gaps for these measurements. RAN4 should study required time for inter frequency measurements when NCT is used and especially when UE needs gaps.
· Observation 1: Due to reduced CRS periodicity in NCT, there is less flexibility in measurement sampling for interfrequency measurements. This may impact the required time for inter frequency cell identification.
When measurement gaps are scheduled for inter frequency measurements, or the UE supports capability of conducting such measurements without gaps, the UE physical layer shall be capable of reporting RSRP and RSRQ measurements to higher layers with measurement accuracy as specified in section 9 in [1], with measurement period TMeasurement_Period _Inter_FDD for FDD-FDD and TDD-FDD, and also with TMeasurement_Period_TDD_Inter For TDD-TDD and FDD-TDD. The measurement period for both FDD and TDD cases are the same,
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The above requirements (measurement period) is applicable when at least 2 DL subframes are available every 5 ms i.e. 2 DL subframes in a measurement gap.

The introduction of reduced CRS periodicity in NCT leads to less flexibility in terms of measurement sampling used for inter frequency measurements as only 1 subframe with CRS will be available for measurement in one measurement gap. We therefore propose that RAN4 studies the impact of reduced CRS periodicity on the required time for inter-frequency measurements. In NCT there is only one CRS available per 5ms, therefore the requirements for this case may need to be changed.
· Observation 2: The requirement for measurement period is applicable when at least 2 DL subframes are available every 5 ms i.e. 2 DL subframes in a measurement gap. As only 1 subframe with CRS will be available for measurement in one measurement gap, this requirement probably needs to be changed.
3.2 E-UTRAN inter frequency measurement with DRX

When DRX is in use, either measurement gaps are scheduled or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new detectable E-UTRAN inter frequency cell within Tidentify_inter. This is given by table 8.1.2.3.1.2-1 for FDD-FDD and TDD-FDD inter-frequency and table 8.1.2.3.2.2-1 for TDD-TDD and FDD-TDD inter frequency.
The measurement requirements for short DRX cycle (i.e. up to 160 ms) is the same as defined for non-DRX case.  When DRX is used in a UE operating on NCT, due to less availability of CRSs during the wake up period of the UE, the required time for identification might need to be increased at least for short DRX cycle. Preferably the requirements for non DRX and short DRX should be kept the same. That means any extension of cell identification time in non DRX would also extend the measurement period in short DRX. However for long DRX cycle it may not be necessary to relax the requirements. However these aspects need further investigation. So we propose that RAN4 studies the impact of DRX on NCT interfrequency identification.    

· Observation 3: When DRX is used in a UE operating on NCT, the required time for inter frequency identification might need to be increased at least for short DRX cycle. RAN4 needs to study this further.
The UE shall be capable of performing RSRP and RSRQ measurements of at least 4 inter-frequency cells per FDD inter-frequency and the UE physical layer shall be capable of reporting RSRP and RSRQ measurements to higher layers with the measurement period defined in table 8.1.2.3.1.2-2 for FDD-FDD and TDD-FDD inter-frequency and table 8.1.2.3.2.2-2 for TDD-TDD and FDD-TDD interfrequency measurements when DRX is in use, either measurement gaps are scheduled or the UE supports capability of conducting such measurements without gaps. 
In the case of inter frequency measurement the requirement for short DRX (up to 160ms) is the same as definded for non-DRX case. Similar to the identification requirements, the introduction of reduced CRS periodicity in NCT leads to less flexibility in terms of measurement sampling used for inter frequency measurements with DRX at least for short DRX cycle. Since it is desired to keep the requirements for short DRX and non-DRX the same, any extension of the required time for inter frequency measurements for short DRX should be applied to non-DRX case. However for long DRX cycle it may not be necessary to relax the requirements. We therefore propose that RAN4 studies the impact of reduced CRS periodicity on the required time for inter-frequency measurements with DRX.

· Observation 4: The requirements for inter-frequency measurement with DRX cycle may need to be increased. RAN4 needs to study this further.
4 Summary

In this paper we have briefly analyzed the impact of new carrier type on RRM inter frequency measurement requirements. Based on the analysis provided in this paper our initial assessment is that:

1. Due to reduced CRS periodicity in NCT, there is less flexibility in measurement sampling for interfrequency measurements. This may impact the required time for inter frequency cell identification.
2.  Current requirement for measurement period with DRX is applicable when at least 2 DL subframes are available every 5 ms i.e. 2 DL subframes in a measurement gap. As only 1 subframe with CRS will be available for measurement in one measurement gap, this requirement probably needs to be changed.
3. When DRX is used in a UE operating on NCT, the required time for inter frequency identification might need to be increased at least for short DRX cycle. 
4. The requirements for inter-frequency measurement with DRX cycle may need to be increased. 
RAN4 needs further study to evaluate the impact of reduced CRS periodicity on the interfrequency identification and measurement requirements. 
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