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1 Introduction
In last RAN4 meeting, the requirements for TP identification and CSI-RS based RSRP measurement were discussed preliminarily, but no conclusion was reached. Companies didn’t align the simulation results of system level and link level. Before this meeting, RAN4 received some LSs [1][2][3][4] from RAN1 and most definitions are now clearly settled for RAN4’s future work. 
Thus, in this contribution we discuss the TP identification and CSI-RS based RSRP measurement requirements based on the RAN1 agreements, and some draft requirements are provided also.
2 Agreements in RAN1 for consideration
In RAN1 #78 meeting, DRS based measurement and cell/TP identification was discussed for small cell enhancement, and some agreements were summarized in 3 LS [1][3][4] sent out by RAN1. In this contribution the small cell discovery is discussed, and in order to be better understandable the relevant agreements in RAN1 are duplicated from LSs as below,

Agreements from R1-143505 [1]

RAN1 agreed that the following parameters or equivalent information are signaled for TP identification, and it is up to RAN2 whether or not to define TP index (TPID):

· PCID (UE may assume that CSI-RS of the TP and PSS/SSS/CRS corresponding to the PCID are QCL wrt average delay and Doppler shift)

· VCID (i.e. CSI-RS scrambling ID as in Rel-11)

· CSI-RS RE configuration (as in Rel-10)

· CSI-RS subframe configuration [this is functionally equivalent to subframe offset between SSS and CSI-RS in a DRS occasion]

· FFS: Antenna port 15 or 16 (i.e. by length-2 OCC as in Rel-10)

· In the case of CSI-RS-based DRS measurement, in addition to the DMTC, the signalling at least includes
· A neighbour TPs list
· TP identification information for each TP
· Synchronization assistance information for each TP
· FFS: whether this is limited to PCID of TP identification or a list of PCIDs for synchronization
· FFS: Port number for measurement
If RAN1 agrees that antenna port 15 or 16 can be used for TP identification, then the UE will also receive signaling of TP identification information related to antenna port 15 or 16.
Note: DMTC is an acronym for “DRS measurement timing configuration”
For RAN4 study, for defining performance requirement for CSI-RS based DRS measurements, synchronization between TPs (Note that VCID of a TP can be equal to PCID) on the same carrier can be assumed with a maximum allowable time offset between DRS occasions of cells/TPs smaller than the cyclic prefix length at the receiver side. On one carrier frequency, a UE can expect that all cells/TPs (that transmit DRS) transmit DRS in every measurement opportunity indicated by the DRS measurement timing configuration.
RAN4 may assume that a UE can be configured with up to at least 4 different DRS measurement timing configurations (DMTC) across all frequencies for which the UE is configured to measure DRS. For RAN4 study, RAN4 may assume that if a UE is configured with multiple DMTCs, then all the DMTCs should be configured with the same period for inter-frequency measurement. A DMTC can be common to multiple carriers. If UE is configured with a measurement gap and to measure DRS for intra-frequency and inter-frequency measurements, at least two DMTC with different offsets are configured.
Agreements from R1-143552 [3]
3GPP RAN1 would like to inform RAN4 that the maximum possible number of orthogonal CSI-RS configurations used for discovery reference signals within 5 msec is 96. RAN1 would also like to inform RAN4 that RAN1 has agreed on the signalling of a neighbour TPs list to a UE for DRS measurements.

3 Discussion on requirements for TP identification
From RAN1 agreements, we found the all information of CSI-RS is provided to the UE, and with these full information UE doesn’t need to perform the blind detection of TPs anymore, that is, if network can inform the full information of TPs to this UE, the UE can perform the CSI-RS measurement and time/frequency tracing straight. However TP identification to judge if the CSI-RS is detectable or not could be leave to UE implementation and it might be performed parallelly with the CSI-RS measurement. Thus, it only needs CSI-RS based RSRP measurement requirement regardless of judge of whether the TP is detectable or not. 
Observation 1: If network can inform the full information of TPs to UE, UE can perform CSI-RS based RSRP measurement without TP identification.
Proposal 1: TP identification is not necessary to be defined.
4 Discussion on requirement for CSI-RS based measurement
4.1 Intra-frequency measurement requirements

As we know the current CRS based RSRP measurement requirements were specified based on 1 antenna port (8REs/RB), and the common implementation was 5 measurement samples in time domain and 6RBs measurement bandwidth in frequency domain. In other words, the measurement requirement is dependent on the total number of REs used. 

CRS-RS bases RSRP accuracy is evaluated in [5] in which 160ms DRS occasion is as baseline. The following observations are obtained.

· When measurement bandwidth is 6RBs, the measurement period is 480ms (i.e., 3 sample), and side condition is 2dB, the legacy CRS-Based RSRP absolute accuracy and relative accuracy could be satisfied.
· When measurement bandwidth is 15RBs, the measurement period is 160ms (i.e., 1 sample), and side condition is 2dB, the legacy CRS-Based RSRP absolute accuracy and relative accuracy could be satisfied.

· When measurement bandwidth is 25RBs, the measurement period is 160ms (i.e., 1 sample), and side condition is 2dB, the legacy CRS-Based RSRP absolute accuracy and relative accuracy could be satisfied.

· When measurement bandwidth is 50RBs, the measurement period is 160ms (i.e., 1 sample), and side condition is 2dB, the legacy CRS-Based RSRP absolute accuracy and relative accuracy could be satisfied.

In addition, based on the system level simulation evaluation [6], it shows that the side condition of CSI-RS in SCE can be settled as 2dB.

Based on these observations, it could conclude that the measurement accuracy is relative to the number of samples and the measurement bandwidth. In our understanding if the number of samples is guaranteed, the requirement could be settled no matter what the DRS occasion configuration is. For example, when measurement bandwidth is 6RBs and the DRS occasion is 80ms or 40ms, in order to obtain the same accuracy requirements as CRS-based RSRP, 3 samples are needed for both cases. 
Since it is observed that different BWs have different performances for CSI-RS based RSRP measurement, we propose to define the requirement for different BW conditions, i.e. for 6RB case and larger than 6RB case respectively.
Proposal 2：CSI-RS based RSRP measurement requirement shall be differentiated by two cases: CSI-RS BW=6PRB and CSI-RS BW>6PRB.

According to the above analysis, we provide our considerations on the CSI-RS based RSRP measurements requirements.

· When no DRX is used

We propose the following intra-frequency measurement period requirements when no DRX is used.

Table 1 Intra-frequency measurement period requirements when no DRX is used for CSI-RS based RSRP

	Measurement period TMeasurement_Period _Intra_FDD_CSI-RS

	CSI-RS bandwidth=6PRB
	CSI-RS bandwidth>6PRB

	[3] * TDRS_occasion_periodicity
	[1] * TDRS_occasion_periodicity


TDRS_occasion_periodicity is the DRS measurement timing configuration of higher layer
· When DRX is used

When DRX is used and DMTC is configured, two cases shall be considered. One case is that DRX cycle length is larger than DRS occasion periodicity, e.g. DRX cycle = 320ms and DRS occasion periodicity = 40ms, UE is supposed to use the available DRS within on-duration time of each DRX, therefore the measurement period could be derived by scaling the DRX cycles to get the enough samples, i.e., N*DRX_cycle (N is dependent on the measurement bandwidth).

Other case is that DRX cycle length is smaller than DRS occasion periodicity, e.g. DRX cycle = 80ms and DRS occasion periodicity = 160ms, the scaling of DRS occasion periodicity could be used for requirements defining, i.e., N* DRS occasion periodicity (N is dependent on the measurement bandwidth).

For some special cases, e.g. the DRX cycle length cannot be exactly divided by DRS occasion periodicity, we believe they could be left to solutions based on network implementations.
Proposal 3: intra-frequency CSI-RS based RSRP requirements of DRX cases for SCE could be categorized into two groups: DRS occasion periodicity < DRX cycle length and DRS occasion periodicity ≥ DRX cycle length.
We propose the following intra-frequency measurement period requirements when DRX is used.

Table 2 Intra-frequency measurement period requirements when DRX is used for CSI-RS based RSRP

	Measurement period TMeasurement_Period intra_FDD_ CSI-RS

	
	TDRS_occasion_periodicity < DRX cycle length
	TDRS_occasion_periodicity ≥ DRX cycle length

	CSI-RS bandwidth= 6PRB
	DRX_cycle*[3]  
	TDRS_occasion_periodicity *[3]

	CSI-RS bandwidth>6PRB
	DRX_cycle*[1]  
	TDRS_occasion_periodicity *[1]


· TP numbers for intra-frequency measurement
In current TS36.133, it is specified,
In the RRC_CONNECTED state the measurement period for intra frequency measurements is Tmeasure_intra as shown in table 8.1.2.2.1.2-2. The UE shall be capable of performing RSRP and RSRQ measurements for 8 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of Tmeasure_intra.

However in SCE deployments the TPs detectable to this UE might be changed since the wireless channel conditions might be changed in Macro+TP scenarios. Thus in this contribution we adopt a small simulation to find how many TPs could be measured by target UE.

Firstly, side condition of CSI-RS measurement was evaluated in SLS paper [6], and CSI-RS SINR side condition is [2]dB.

Secondly, we use the same system level assumptions and simulator in [6] to see, for a certain UE how many TPs’ SINR (CSI-RS SINR) could be better than side condition. The TP with SINR better than side condition is considered as a detectable TP.
Thirdly, we will draw a CDF curve to show the detectable TPs number of all UEs.

In addition, in order to consider UE implementation margin, we evaluate side condition from [2]dB to [-3]dB. The simulation results are as below:
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Figure 1. Number of detectable TPs over side condition (threshold) (x-axis: detectableTP number)

From figure 1, at 90% we can see [7] detectable TPs if we set threshold as 2dB. So our proposal is:
Proposal 4: UE shall be capable of performing CSI-RS based RSRP measurement for [7] informed TPs for intra-frequency case.

4.2 Inter-frequency measurement requirements

· When no DRX is used

6ms gap will be used for inter-frequency CSI-RS based RSRP measurement. A DRS occasion will last N consecutive subframes (N <= 5) within a periodicity of M ms (Candidate values for M are 40, 80, 160). The R8 requirement of inter-frequency cell identification cannot be applied for this case anymore. To be a typical case, we assume that serving cell have the knowledge of DRS occasion of neighbor small cell, and serving cell is able to configure proper gap for UE to cover the DRS from neighbor small cell.

Gap periods have two patterns: {40ms, 80ms}, while DRS occasion periodicity have three candidates: {40ms, 80ms, 160ms}. So inter-frequency CSI-RS based RSRP requirements of DRX cases for SCE could also be categorized into two groups: DRS occasion periodicity < Gap period and DRS occasion periodicity ≥ Gap period.
Proposal 5: inter-frequency CSI-RS based RSRP requirements of non-DRX cases for SCE could also be categorized into two groups: DRS occasion periodicity < Gap period and DRS occasion periodicity ≥ Gap period.
It could conclude that inter-frequency measurement period is dependent on the DRS occasion periodicity, the gap configuration and CSI-RS measurement bandwidth. We propose the inter-frequency measurement period as follows.
Table 3 Inter-frequency measurement period requirements when no DRX is used for CSI-RS based RSRP
	Measurement period TMeasurement_Period inter_FDD_ CSI-RS

	
	TDRS_occasion_periodicity < Gap period
	TDRS_occasion_periodicity ≥Gap period

	CSI-RS bandwidth= 6PRB
	Gap period *[3]  
	TDRS_occasion_periodicity *[3]

	CSI-RS bandwidth>6PRB
	Gap period *[1]  
	TDRS_occasion_periodicity *[1]


· When DRX is used

For inter-frequency measurement requirement with DRX case, the DRX cycle, gap period and DRS occasion periodicity shall be considered in together. Since both measurement opportunities and power saving shall be taken into account, it cannot be simply scaling by the DRX cycles to derive the requirement. In our understanding we could follow the requirement for inter-frequency measurement with DRX in TS36.133 clause 8.1.2.3.1.2. The table 8.1.2.3.1.2-2 in TS36.133 only considers the DRX cycles for requirement as below,

Table 8.1.2.3.1.2-2: Requirement to measure FDD interfrequency cells

	DRX cycle length (s)
	Tmeasure_inter (s) (DRX cycles)

	≤0.08
	Non DRX Requirements in clause 8.1.2.3.1.1 are applicable

	0.08<DRX-cycle≤2.56
	Note (5*Nfreq)

	Note: Time depends upon the DRX cycle in use


So in a similar way, the CSI-RS based RSRP inter-frequency requirement with DRX could be grouped into: DRS occasion periodicity < DRX cycle length, and, DRS occasion periodicity ≥DRX cycle length.
Proposal 6: inter-frequency CSI-RS based RSRP requirements of non-DRX cases for SCE could also be categorized into two groups: DRS occasion periodicity < DRX cycle length, and, DRS occasion periodicity ≥DRX cycle length.
 Therefore we propose the following requirements.

Table 4 Inter-frequency measurement period requirements when DRX is used for CSI-RS based RSRP

	Measurement period TMeasurement_Period inter_FDD_CSI-RS

	
	TDRS_occasion_periodicity < DRX cycle length
	TDRS_occasion_periodicity ≥ DRX cycle length

	CSI-RS bandwidth= 6PRB
	DRX_cycle*[3] *Nfreq 
	TDRS_occasion_periodicity *[3] *Nfreq

	CSI-RS bandwidth>6PRB
	DRX_cycle*[1] *Nfreq
	TDRS_occasion_periodicity *[1] *Nfreq


· TP numbers for inter-frequency measurement
In current TS36.133, it is specified,

The UE shall be capable of performing RSRP and RSRQ measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies and the UE physical layer shall be capable of reporting RSRP and RSRQ measurements to higher layers with the measurement period defined in Table 8.1.2.3.1.1-1.
In R8, for intra-freq case, UE is required to measurement 8 cells but for inter-freq case UE is required to measure 4 cells per carrier and for up to 3 inter-freq carriers. In order to at least keep the mobility performance difference between intra-freq and inter-freq cases as R8, here we also propose to require UE shall be capable of performing CSI-RS based RSRP measurement for at least [4] inter-frequency informed TPs per FDD inter-frequency for up to [3] FDD inter-frequencies.

Proposal 7: UE shall be capable of performing CSI-RS based RSRP measurement for at least [4] inter-frequency informed TPs per FDD inter-frequency for up to [3] FDD inter-frequencies for inter-frequency case.

5 Conclusion
In this contribution we discuss the TP identification and CSI-RS based RSRP measurement requirements based on the RAN1 agreements, and some draft requirements are provided also.
Proposal 1: TP identification is not necessary to be defined.
Proposal 2：CSI-RS based RSRP measurement requirement shall be differentiated by two cases: CSI-RS BW=6PRB and CSI-RS BW>6PRB.

Proposal 3: intra-frequency CSI-RS based RSRP requirements of DRX cases for SCE could be categorized into two groups: DRS occasion periodicity < DRX cycle length and DRS occasion periodicity ≥ DRX cycle length.
Proposal 4: UE shall be capable of performing CSI-RS based RSRP measurement for [7] informed TPs for intra-frequency case.

Proposal 5: inter-frequency CSI-RS based RSRP requirements of non-DRX cases for SCE could also be categorized into two groups: DRS occasion periodicity < Gap period and DRS occasion periodicity ≥ Gap period.
Proposal 6: inter-frequency CSI-RS based RSRP requirements of non-DRX cases for SCE could also be categorized into two groups: DRS occasion periodicity < DRX cycle length, and, DRS occasion periodicity ≥DRX cycle length.
Proposal 7: UE shall be capable of performing CSI-RS based RSRP measurement for at least [4] inter-frequency informed TPs per FDD inter-frequency for up to [3] FDD inter-frequencies for inter-frequency case.

The corresponding CRs are provided in [7] for this meeting.
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