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1. Introduction
In the last RAN4 meeting, a WF on RRM core and performance requirements for Cat.1 UE with 1 Rx was approved[1]. The agreements on cell identification delay, RSRP/RSRQ measurement and accuracy requirements are as below, 
	Cell identification delay

· Intra-frequency

· 600 ms + measurement period 

· Inter-frequency 

· Option 1 : Run simulation to determine inter-frequency cell search time

· Option 2 : Apply Rel-8 scaling method to determine inter-frequency cell identification requirement from intra-frequency cell identification requirement for Cat.0 UE

RSRP/RSRQ measurement

· Intra-frequency

· FFS

· Inter-frequency 

· FFS

RSRP/RSRQ measurement accuracy

· Intra-frequency

· FFS

· Inter-frequency 

· FFS


In this contribution the analysis for the remaining issues are provided and some proposal on specification are drawn in the end.
2. Discussion
RSRP/RSRQ measurement
RSRP/RSRQ measurement delay could be a starting point of this discussion, since in cell identification one RSRP/RSRQ measurement is also included. 
· Intra-frequency

Since the Cat0 UE has one antenna as well and the simulation evaluation for one antenna case was performed in the previous RAN4 meetings, the intra-frequency RSRP/RSRQ measurement requirement of Cat0 UE can be reused for Cat1 1Rx UE.
Proposal 1: intra-frequency RSRP/RSRQ measurement requirement of Cat0 UE can be reused for Cat1 1Rx UE, namely, 400ms.
· Inter-frequency

In the RRC_CONNECTED state the measurement period for intra frequency measurements is 400ms for Cat0 UE, which is a doubled measurement period from legacy LTE UE (200ms). That generally means the CRS samples 1Rx UE takes for measurement is two times of legacy LTE UE to fulfil the accuracy requirement. So in that sense, the CRS samples for inter-frequency measurement for 1Rx UE shall also be two times of 2Rx UE to fulfil the corresponding accuracy requirement. We propose to extend the basic inter-frequency RSRP/RSRQ measurement period to 480*2=960ms for Cat1 1Rx UE. 
However, we may also consider the mobility performance impact if the measurement period is doubled, and it may need system level simulation to check the RLF ratio from network perspective. The requirement shall be a trade-off between UE capability and network mobility performance.
Proposal 2: extend the basic inter-frequency RSRP/RSRQ measurement period to 480*2=960ms for Cat1 1Rx UE.

 RSRP/RSRQ measurement accuracy

· Intra-frequency

Since the Cat0 UE has one antenna and the side condition of Cat0 UE is also same with Cat1 1Rx UE, the intra-frequency RSRP/RSRQ accuracy requirement of Cat0 UE can be reused for Cat1 1Rx UE.

Proposal 3: intra-frequency RSRP/RSRQ accuracy requirement of Cat0 UE can be reused for Cat1 1Rx UE
· Inter-frequency

Before going to the analysis of Cat1 1Rx UE accuracy, we shall compare the existing accuracy requirement for legacy UE and Cat0 UE, as show in the following table.
Table 1. Comparison of RSRP/RSRQ accuracy for legacy and Cat0 UE

	UE type
	Intra-freq absolute RSRP
	Inter-freq absolute RSRP
	Intra-freq relative RSRP
	Inter-freq relative RSRP
	Intra-freq absolute RSRQ
	Inter-freq absolute RSRQ
	Inter-freq relative RSRQ

	Legacy
	(4.5dB with Ês/Iot(-6 dB(Io≤-70dBm)
(8dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	(4.5dB with Ês/Iot(-6 dB(Io≤-70dBm)

(8dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	(2dB with Ês/Iot(-3 dB

(3dB with Ês/Iot(-6 dB
	(4.5dB with Ês/Iot(-6 dB
	(2.5dB with Ês/Iot(-3 dB

(3.5dB with Ês/Iot(-6 dB
	(2.5dB with Ês/Iot(-3 dB

(3.5dB with Ês/Iot(-6 dB
	(3dB with Ês/Iot(-3 dB

(4dB with Ês/Iot(-6 dB

	Cat0
	(7dB with Ês/Iot(-6 dB(Io≤-70dBm)

(9dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	N/A
	(3dB with Ês/Iot(-3 dB

(4dB with Ês/Iot(-6 dB
	N/A
	(3.5dB with Ês/Iot(-3 dB

(4.5dB with Ês/Iot(-6 dB
	N/A
	N/A


For legacy UE, the accuracy of inter-frequency absolute RSRP/RSRQ is always same as intra-frequency absolute RSRP/RSRQ, since enough samples are collected at UE regardless of intra-frequency or inter-frequency measurement, and meanwhile we propose to reuse the intra-frequency RSRP/RSRQ accuracy of Cat0 for Cat1 1RX UE, so here the inter-frequency absolute RSRP/RSRQ accuracy for Cat1 1Rx UE shall be same as the intra-frequency absolute RSRP/RSRQ accuracy for Cat0 UE.
Proposal 4: inter-frequency absolute RSRP/RSRQ accuracy requirement for Cat1 1Rx UE shall be same as the intra-frequency absolute RSRP/RSRQ accuracy requirement for Cat0 UE.
In RAN4 RSRP measurement enhancement was specified into the accuracy table and that makes the intra-frequency absolute RSRP, inter-frequency absolute RSRP and inter-frequency relative RSRP accuracy requirement tightened by 1.5dB for the measurement enhancement case. But for 1Rx UE we shall not consider the RSRP measurement enhancement at least at current stage. 

For inter-frequency relative RSRP/RSRQ accuracy requirement, we shall consider some relax from legacy UE without RSRP measurement enhancement. Since intra-frequency absolute/relative RSRP accuracy for Cat0 UE have 1dB relax from legacy UE without RSRP measurement enhancement and proposal 4 above defined that inter-frequency absolute RSRP/RSRQ accuracy requirement for Cat1 1Rx UE shall be same as the intra-frequency absolute RSRP/RSRQ accuracy requirement for Cat0 UE, the inter-frequency relative RSRP/RSRQ accuracy requirement for Cat1 1Rx UE shall be relax 1dB from legacy LTE UE without RSRP measurement enhancement.
Proposal 5: inter-frequency relative RSRP/RSRQ accuracy requirement for Cat1 1Rx UE shall be relax 1dB from legacy LTE UE without RSRP measurement enhancement.
Based on the analysis above, the accuracy requirement table can be as below,

Proposal 6: the RSRP/RSRQ accuracy requirements shall be specified as in table 2.

 Table 2. Comparison of RSRP/RSRQ accuracy for legacy and Cat1 1Rx UE

	UE type
	Intra-freq absolute RSRP
	Inter-freq absolute RSRP
	Intra-freq relative RSRP
	Inter-freq relative RSRP
	Intra-freq absolute RSRQ
	Inter-freq absolute RSRQ
	Inter-freq relative RSRQ

	Legacy
	(4.5dB with Ês/Iot(-6 dB(Io≤-70dBm)

(8dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	(4.5dB with Ês/Iot(-6 dB(Io≤-70dBm)

(8dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	(2dB with Ês/Iot(-3 dB

(3dB with Ês/Iot(-6 dB
	(4.5dB with Ês/Iot(-6 dB
	(2.5dB with Ês/Iot(-3 dB

(3.5dB with Ês/Iot(-6 dB
	(2.5dB with Ês/Iot(-3 dB

(3.5dB with Ês/Iot(-6 dB
	(3dB with Ês/Iot(-3 dB

(4dB with Ês/Iot(-6 dB

	Cat1 1Rx
	(7dB with Ês/Iot(-6 dB(Io≤-70dBm)

(9dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	(7dB with Ês/Iot(-6 dB(Io≤-70dBm)

(9dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	(3dB with Ês/Iot(-3 dB

(4dB with Ês/Iot(-6 dB
	(7dB with Ês/Iot(-6 dB
	(3.5dB with Ês/Iot(-3 dB

(4.5dB with Ês/Iot(-6 dB
	(3.5dB with Ês/Iot(-3 dB

(4.5dB with Ês/Iot(-6 dB
	(4dB with Ês/Iot(-3 dB

(5dB with Ês/Iot(-6 dB


Cell identification delay
· Intra-frequency

In Section 2.1, the measurement period is proposed as 400ms, so the basic cell identification delay shall be: 600ms + 400ms =1000ms. 

Proposal 7: basic intra-frequency cell identification delay for Cat1 1Rx UE is 1000ms.

· Inter-frequency

Since the PSS/SSS synchronization requirement has large margin in Rel-8, Cat0 UE can have the same intra-frequency cell identification time as legacy UE, which is also verified from simulation evaluation. In our understanding, within 480ms period and with 40ms MGRP UE can collect 12 PSS/SSS samples, and we can use the previous simulation results of Cat0 UE to check how many PSS/SSS samples are needed to identify a specific cell. In [2] and [3], the simulation results of PSS/SSS detection were provided for Cat0 HD-FDD UE. AWGN is not a practical channel in real environment and therefore we would like to skip the results for AWGN. In order to count how many PSS/SSS samples is enough for cell identification, we can use the (identification delay/10) from simulation results in [2] and [3], since HD-FDD simulation assumed only one PSS/SSS is available per radio frame.  
Based on the above analysis, we found that the worst case is 20 PSS/SSS samples with SINR≥-6dB for cell identification in fading channels. So the total time for cell identification in this inter-frequency case can be calculated as 40ms*20=800ms. After taking into account the margin and multiple of 480ms gap measurement periodicity, we would like to propose 960ms for inter-frequency cell identification.
Proposal 8: basic inter-frequency cell identification delay for Cat1 1Rx UE is 960ms.

3. Conclusions

In this contribution the analysis for the remaining issues are provided and some proposal on specification are drawn ias below.
Proposal 1: intra-frequency RSRP/RSRQ measurement requirement of Cat0 UE can be reused for Cat1 1Rx UE, namely, 400ms.

Proposal 2: extend the basic inter-frequency RSRP/RSRQ measurement period to 480*2=960ms for Cat1 1Rx UE.

Proposal 3: intra-frequency RSRP/RSRQ accuracy requirement of Cat0 UE can be reused for Cat1 1Rx UE
Proposal 4: inter-frequency absolute RSRP/RSRQ accuracy requirement for Cat1 1Rx UE shall be same as the intra-frequency absolute RSRP/RSRQ accuracy requirement for Cat0 UE.
Proposal 5: inter-frequency relative RSRP/RSRQ accuracy requirement for Cat1 1Rx UE shall be relax 1dB from legacy LTE UE without RSRP measurement enhancement.
Proposal 6: the RSRP/RSRQ accuracy requirements shall be specified as in table 3.

 Table 3. RSRP/RSRQ accuracy requirements for Cat1 1Rx UE

	UE type
	Intra-freq absolute RSRP
	Inter-freq absolute RSRP
	Intra-freq relative RSRP
	Inter-freq relative RSRP
	Intra-freq absolute RSRQ
	Inter-freq absolute RSRQ
	Inter-freq relative RSRQ

	Cat1 1Rx
	(7dB with Ês/Iot(-6 dB(Io≤-70dBm)

(9dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	(7dB with Ês/Iot(-6 dB(Io≤-70dBm)

(9dB with Ês/Iot(-6 dB(-50dBm≥Io≥-70dBm)
	(3dB with Ês/Iot(-3 dB

(4dB with Ês/Iot(-6 dB
	(7dB with Ês/Iot(-6 dB
	(3.5dB with Ês/Iot(-3 dB

(4.5dB with Ês/Iot(-6 dB
	(3.5dB with Ês/Iot(-3 dB

(4.5dB with Ês/Iot(-6 dB
	(4dB with Ês/Iot(-3 dB

(5dB with Ês/Iot(-6 dB


Proposal 7: basic intra-frequency cell identification delay for Cat1 1Rx UE is 1000ms.

Proposal 8: basic inter-frequency cell identification delay for Cat1 1Rx UE is 960ms.
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