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1 Introduction
In the RAN4 #71AH meeting, the assumptions for link level and system level were endorsed in [1][2][3]to study the requirements for SCE item. In last RAN4 #72 meeting, multitude interested companies provided the corresponding simulation results. Furthermore, an LS from RAN1 [4] is sent to clarify the definition of DRS-based RSRQ are specified.
	Agreements:

· Following measurements are supported for DRS-based measurements
· For DRS-based RSSI measurement, 
· Discovery RSSI (DRSSI) is measured over all OFDM symbols in DL part of measurement subframes within DMTC
· For DRS-based RSRQ measurement, 

· DRSRQ = N×DRSRP/DRSSI, where N is the number of RB’s of the DRSSI measurement bandwidth.

· CSI-RS-based RSRQ measurement is not specified


This contribution discussed how to define the requirement for cell identification and CRS based RSRP/RSRQ for SCE and the numbers or values in this skeleton might be revised based on the aligned simulation results.
2 Discussion on requirements for cell identification
Cell identification is based on PSS/SSS, and in this section both the intra-frequency and inter-frequency cases are considered.

2.1
Cell identification requirement
2.1 PSS/SSS acquisition delay
In [5], the agreements on PSS/SSS acquisition requirement are:

	· PSS/SSS acquisition time should be defined in the follow way:

· [ x+y]*DRS periodicity; the requirements dependent on DRS periodicity could be defined for cell identification.

· x will be derived from the link level simulation

· y is the implementation margin


Based on the analysis in [2], the side condition of CRS could be settled as SINR=-6dB, which could be also considered as PSS/SSS side condition. In table 1, the PSS/SSS acquisition time with SINR=-6dB is summarized based on the simulation results in [3]. The results in this table show how many occasions UE needs to identify a new cell.
Table 1. The 90%-ile PSS/SSS acquisition time for Cell identification with SINR = -6dB 
	Case#
	DMTC Periodicity
	Case 1
	Case 2
	Case 3
	Case 4

	AWGN
	40ms
	1
	11
	2
	1

	
	80ms
	1
	11
	2
	1

	
	160ms
	1
	11
	2
	1

	EPA5
	40ms
	4
	4
	3
	3

	
	80ms
	3
	3
	3
	3

	
	160ms
	3
	3
	3
	3

	ETU30
	40ms
	4
	5
	4
	3

	
	80ms
	4
	5
	5
	3

	
	160ms
	4
	5
	4
	3


· Intra-frequency cell identification

· Cell identification requirement for when no DRX is used 

Based on the simulation results, we suggest that

Proposal 1:For PSS/SSS acquisition, the requirements could be defined as: max(600ms, 5*DMTC periodicity)

· When short DMTC periodicity, i.e., 5*DMTC periodicity ≤ 600ms, is applied:

· The legacy cell identification latency, i.e. 600ms, could be used to define cell identification requirement for SCE.

· When long DMTC periodicity, i.e., 5*DMTC periodicity> 600ms, is applied:

· 5*DMTC periodicity could be used to define cell identification requirement for SCE.

· Cell identification requirement for when DRX is used case

For DRX cases, in order to simplify the analysis, we intend to narrow down the cases into limited categories. If DRX cycle length is larger than MDTC periodicity, e.g. DRX cycle = 320ms and DMTC periodicity = 40ms, UE is supposed to use the available DRS within on-duration time of each DRX, and therefore the cell identification requirement could be derived by scaling the DRX cycles to get the enough samples for PSS/SSS acquisition, namely, N*DRX_cycle (N is TBD). In contrast, if DRX cycle length is smaller than DMTC periodicity, e.g. DRX cycle = 80ms and DMTC periodicity = 160ms, the scaling of DMTC periodicity could be used for requirements defining. 
For some special cases, e.g. the DRX cycle length cannot be exactly divided by DMTC periodicity, we believe they could be left to solutions based on network implementations.
Proposal 2: intra-frequency cell identification requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.
For example the tentative skeleton of intra-frequency cell identification requirement could be constructed as below,

Table 2. Requirement to identify a newly detectable FDD intrafrequency cell

	Tidentify_intra_SCE 

	TDMTC_periodicity < DRX cycle length
	TDMTC_periodicity ≥ DRX cycle length

	DRX_cycle*[15]  + TMeasurement_Period _Intra_FDD_SCE
	TDMTC_periodicity *[15] + TMeasurement_Period _Intra_FDD_SCE


· Inter-frequency cell identification

For inter-frequency Small cell discovery, gap is used for PSS/SSS acquisition. In agreement in [6], it mentioned that:

· No new measurement gap pattern is introduced for DRS-based measurement
So in SCE, inter-frequency cell identification is performed in measurement gaps.
· When no DRX is used case

In R8 the side condition of inter-frequency cell identification requirement (Es/Iot=-4dB) is different from that of intra-frequency (Es/Iot=-6dB), and correspondingly the available time of cell identification for inter-frequency and intra-frequency is 480ms and 600ms respectively. The inter-frequency requirement can directly be derived from intra-frequency simulation by comparing the available measurement time. So we can derive the inter-frequency cell identification requirement for SCE from intra-frequency case in the similar way as R8.

Proposal 3: inter-frequency cell identification requirements for SCE when no DRX is used could be derived from intra-frequency case without simulation, in which the available measurement time shall be maintained as intra-frequency case.
· When DRX is used case

For inter-frequency cell identification requirement with DRX case, the DRX cycle, gap period and DMTC periodicity shall be considered in together. 
Gap MGL= {40, 80}ms

DMTC= {40, 80, 160}ms

DRX cycle length = {40, 64, 80, 128, 160, 256,…}ms
For some special cases, e.g. the DRX cycle length cannot be exactly divided by DMTC periodicity or MGL, we believe they could be left to solutions based on network implementations.

Proposal4. Inter-frequency cell identification requirements for SCE when DRX is used could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.

For example the tentative skeleton of inter-frequency cell identification requirement could be constructed as below,

Table 3: Requirement to identify a newly detectable FDD inter-frequency cell 

	DRX cycle length (s)
	Tidentify_inter_SCE (s) 

	
	Gap period = 40 ms
	Gap period = 80 ms 

	≤0.16
	Non DRX Requirements are applicable
	Non DRX Requirements are applicable

	0.256
	max{ DRX_cycle, TDMTC_periodicity }* [20] 
	max{ DRX_cycle, TDMTC_periodicity } * [30] 

	0.32
	max{ DRX_cycle, TDMTC_periodicity }* [20] 
	max{ DRX_cycle, TDMTC_periodicity }* [24] 

	0.32< DRX-cycle≤2.56
	max{ DRX_cycle, TDMTC_periodicity }* [20] 
	max{ DRX_cycle, TDMTC_periodicity }* [20] 


2.2 CRS based RSRP/RSRQ measurement

It is agreed in [5]
	· Evaluation of CRS based RSRP measurement period:

· Option 1: keep the existing accuracy unchanged and evaluate the measurement period

· CRS subframe number per sample: N = 1;


In RAN4#72 an agreement [7] is achieved that the side condition of CRS in SCE can be settled as -6dB.
Based on the above work assumption, and the updated DRS-based RSRQ definition, [8] provides the corresponding simulation results and the following observations are obtained.

· When measurement bandwidth is 6RBs, the measurement period is 800ms (i.e., 5 sample) or larger and side condition is 
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 -6dB, the legacy RSRP absolute/relative accuracy and RSRQ absolute accuracy could be satisfied.

· When measurement bandwidth is 15RBs, the measurement period is 480ms (i.e., 3 sample) or larger and side condition is 
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 -6dB, the legacy RSRP absolute/relative accuracy and RSRQ absolute accuracy could be satisfied.

· When measurement bandwidth is 25RBs, the measurement period is 480ms (i.e., 3 sample) or larger and side condition is 
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 -6dB, the legacy RSRP absolute/relative accuracy and RSRQ absolute accuracy could be satisfied.

· When measurement bandwidth is 50RBs, the measurement period is 160ms (i.e., 1 sample) or larger and side condition is 
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 -6dB, the legacy RSRP absolute/relative accuracy and RSRQ absolute accuracy could be satisfied.

According to the above analysis, we provide our considerations on the CRS based measurements requirements.

· Intra-frequency measurement requirements

· When no DRX is used

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

Table 4 Intra-frequency CRS based measurement period requirements when no DRX is used 

	Measurement period TMeasurement_Period _Intra_FDD_SCE

	CRS bandwidth<15PRB
	15PRB≤CRS bandwidth<50PRB
	50PRB≤CRS bandwidth

	[5] * TDMTC_periodicity
	[3] * TDMTC_periodicity
	[1] * TDMTC_periodicity


Proposal 5: Intra-frequency CRS based RSRP requirements without DRX cases for SCE could be categorized according different CRS bandwidth.

· When DRX is used

When DRX is used, two cases shall be considered when DMTC is configured in the same time. One case is that DRX cycle length is larger than DMTC periodicity, e.g. DRX cycle = 320ms and DMTC 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 DMTC periodicity, e.g. DRX cycle = 80ms and DMTC periodicity = 160ms, the scaling of DMTC periodicity could be used for requirements defining, i.e., N*DMTC periodicity (N is dependent on the measurement bandwidth).

For some special cases, e.g. the DRX cycle length cannot be exactly divided by DMTC periodicity, we believe they could be left to solutions based on network implementations.

Proposal 6: intra-frequency CRS based requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.
We propose the following intra-frequency measurement period requirements when no DRX is used.

	Table 5 Intra-frequency CRS based measurement period requirements when DRX is used 

Measurement period TMeasurement_Period intra_FDD_CRS

	
	TDMTC_periodicity < DRX cycle length
	TDMTC_periodicity ≥ DRX cycle length

	CRS bandwidth<15PRB
	DRX_cycle*[5]  
	TDMTC_periodicity *[5]

	15PRB≤CRS bandwidth<50PRB
	DRX_cycle*[3]  
	TDMTC_periodicity *[3]

	50PRB≤CRS bandwidth
	DRX_cycle*[1]  
	TDMTC_periodicity *[1]


· Cell 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 cells 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 cells could be measured by target UE.

Firstly, side condition of CRS based measurement was evaluated in SLS paper [9], and CRS SINR side condition is [-6]dB.

Secondly, we use the same system level assumptions and simulator in [9] to see, for a certain UE how many cells’ SINR (CRS SINR) could be better than side condition. The cell with SINR better than side condition is considered as a detectable cell.

Thirdly, we will draw a CDF curve to show the detectable cells number of all UEs.

In addition, in order to consider UE implementation margin, we evaluate side condition from [-6]dB to [-11]dB. The simulation results are as below:
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Figure 1. Number of detectable cells over side condition (threshold) (x-axis: detectable cell number)

From figure 1, at 90% we can see [3] detectable cells if we set threshold as -6dB. So our proposal is:
Proposal 7: UE shall be capable of performing CRS based measurement for [3] identified cells for intra-frequency case.
· Inter-frequency measurement requirements

· When no DRX is used
For inter-frequency measurement period is dependent on the DMTC periodicity, the gap configuration and CRS measurement bandwidth. We propose the inter-frequency measurement period as follows.
Table 6 Inter-frequency CRS based measurement period requirements when no DRX is used
	Measurement period TMeasurement_Period inter_FDD_CRS

	
	TDMTC_periodicity < Gap period
	TDMTC_periodicity ≥Gap period

	CRS bandwidth<15PRB
	Gap period *[5]  
	TDMTC_periodicity *[5]

	15PRB≤CRS bandwidth<50PRB
	Gap period *[3]  
	TDMTC_periodicity *[3]

	50PRB≤CRS bandwidth
	Gap period *[1]  
	TDMTC_periodicity *[1]


Proposal 8: inter-frequency CRS based measurement requirements without DRX cases for SCE could be categorized according different CRS bandwidth.

· When DRX is used

For inter-frequency measurement requirement with DRX case, the DRX cycle, gap period and DMTC periodicity shall be considered in together and similar analysis as inter-frequency cell identification when DRX used. We propose the following requirements.

Table 7 Inter-frequency CRS based measurement period requirements when DRX is used 

	 Measurement period TMeasurement_Period intra_FDD_CRS

	
	TDMTC_periodicity < DRX cycle length
	TDMTC_periodicity ≥ DRX cycle length

	CRS bandwidth<15PRB
	DRX_cycle*[5] *Nfreq 
	TDMTC_periodicity *[5] *Nfreq

	15PRB≤CRS bandwidth<50PRB
	DRX_cycle*[3] *Nfreq
	TDMTC_periodicity *[3] *Nfreq

	50PRB≤CRS bandwidth
	DRX_cycle*[1] *Nfreq
	TDMTC_periodicity *[1] *Nfreq


Proposal 9: inter-frequency CRS based measurement requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.

· Cell 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. The number of supported inter-freq carriers depends on UE capability regardless of interference conditions, so here we reuse ‘up to 3 FDD inter-frequencies’. For the cells number per carrier, it could be considered as the intra-freq case, and 3 cells per carrier shall be supported for measurement.
Proposal 10: UE shall be capable of performing CRS based measurement for at least [3] inter-frequency identified cells per FDD inter-frequency for up to [3] FDD inter-frequencies for inter-frequency case.

3 Conclusion
This contribution discussed how to define the requirement for cell/TP identification for SCE and the numbers or values in this skeleton might be revised based on the aligned simulation results.
To reduce the proposal number, we summarized briefly as,

Proposal 1:For PSS/SSS acquisition, the requirements could be defined as: max(600ms, 5*DMTC periodicity)

· When short DMTC periodicity, i.e., 5*DMTC periodicity ≤ 600ms, is applied:

· The legacy cell identification latency, i.e. 600ms, could be used to define cell identification requirement for SCE.

· When long DMTC periodicity, i.e., 5*DMTC periodicity> 600ms, is applied:

· 5*DMTC periodicity could be used to define cell identification requirement for SCE.

Proposal 2: Intra-frequency cell identification requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.
Proposal 3: Inter-frequency cell identification requirements for SCE when no DRX is used could be derived from intra-frequency case without simulation, in which the available measurement time shall be maintained as intra-frequency case.

Proposal4. Inter-frequency cell identification requirements for SCE when DRX is used could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle Proposal 5: intra-frequency CRS based RSRP requirements without DRX cases for SCE could be categorized according different CRS bandwidth.
Proposal 5: Intra-frequency CRS based RSRP requirements without DRX cases for SCE could be categorized according different CRS bandwidth.
Proposal 6: intra-frequency CRS based requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length. 
Proposal 7: UE shall be capable of performing CRS based measurement for [3] identified cells for intra-frequency case.

Proposal 8: Inter-frequency CRS based measurement requirements without DRX cases for SCE could be categorized according different CRS bandwidth.
Proposal 9: Inter-frequency CRS based measurement requirements of DRX cases for SCE could be categorized into two groups: DMTC periodicity < DRX cycle length and DMTC periodicity ≥ DRX cycle length.
Proposal 10: UE shall be capable of performing CRS based measurement for at least [3] inter-frequency identified cells per FDD inter-frequency for up to [3] FDD inter-frequencies for inter-frequency case.
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