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1. Introduction

In RAN plenary #73 meeting, a new WID [1] Requirements for single receiver UE based on Category 1 for LTE was approved. This new category UE, say category 1RX UE, is expected to be able to support normal date rates as category 1 UE but with less RX received chain, i.e. only 1 RX chain. In this contribution, analysis on RRM impact of UE category 1RX will be provided.
2. Discussion
For information, here we duplicate the RAN4 related objective from the WID:
	Core part

RAN4 has to develop the receiver core requirements. A lot of the work can leverage the requirements developed for Category 0 UEs since many of the requirements do not depend on the data rate capabilities of the UEs. The detailed objectives are:

· Specify RF receiver core requirements for Category 1 UE with a single receiver [RAN4]

· Previous work for Category 0 UE should be leveraged

· Specify RRM core requirements for Category 1 UE with a single receiver for intra-frequency and inter-frequency mobility [RAN4]

RLM and intra-frequency mobility requirements (measurements) for Category 0 UE could be reused


	Performance part

Specify RRM performance requirements:

· Measurement accuracy requirements for intra and inter-frequency measurements

· Intra-frequency requirements defined for Cat.0 can be reused

· Define test cases to verify the requirements


As can be seen in the objective above, RAN4 needs to develop the core/performance requirements for RLM and intra/inter-frequency measurement for Category 1RX UE. From RRM perspective, category 1RX UE is similar with category 0 UE. Thus most of RRM requirements specified for UE category 0 can be reused for UE category 1RX, or can be at least used as baseline. 
2.1. RLM

In radio link monitoring procedure, UE monitors the downlink radio link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the serving cell. More specifically, UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin. Once the radio link quality becomes poor and goes below Qout threshold, then UE would enter Out-of-sync state. If it cannot recover from Qout to Qin for a certain period, then UE will declare radio link failure and enter RRC re-establishment procedure. 
From RRM aspect, RAN4 defines requirements for Qout and Qin evaluation period, hypothetical PDCCH/PCFICH BLER for Qout and Qin threshold and the corresponding PDCCH/PCFICH transmission parameters. Besides, RAN4 also defines associated test case to verify the requirements. Note that the SNR levels in RLM test are derived from PDCCH/PCFICH demodulation simulation results. The number of received antenna ports has significant impact on the mapping of CRS SNR to PDCCH BLER. Thus the RLM requirements for legacy category 1 UE cannot be reused. However, currently RAN4 has already defined RLM requirements for some single antenna port device, e.g. category 0 UE, category M1 UE and category NB1 UE. After comparison we believe that RLM requirements for UE category 0 can be reused for UE category 1RX, since they have the same physical channel design and the same coverage level. Thus we can have the following proposal:
Proposal 1: RLM requirements for UE category 0 can be reused for UE category 1RX.

2.2. Measurement
Measurement related RRM requirements comprise measurement accuracy, measurement period, cell identification delay and measurement reporting delay, etc. Similar with discussion in section 2.1, number of received antenna port has significant impact on measurement performance. And it’s also straightforward the requirements for UE category 0 can be reused for UE category 1RX from RRM point of view. However, as inter-frequency measurement is not supported for UE category 0, there is no corresponding RRM requirement for inter-frequency measurement. Therefore, RAN4 needs to develop inter-frequency measurement requirements for UE category 1RX.
Proposal 2: RAN4 needs to develop inter-frequency measurement requirements for UE category 1RX.
To determine the concrete requirements, corresponding simulations are necessary. More specifically, cell identification and measurement accuracy simulations are needed when we developing the associated core requirements, e.g. cell search delay, measurement period and etc. The reason is that the side condition (SCH Es/Iot) for inter-frequency measurement is 2dB higher than that of intra-frequency (yellow highlight in table below). Thus the 1000ms requirements for intra-frequency cannot be reused for inter-frequency case. After we identify the cell identification delay for inter-frequency, than the requirement can be derived by scaling with gap pattern.
B.2.1
Conditions for E-UTRAN intra-frequency measurements

This clause defines the E-UTRAN intra-frequency SCH_RP and SCH Ês/Iot applicable for a corresponding operating band.

The conditions for intra-frequency E-UTRAN measurements are defined in Table B.2.1-1.

Table B.2.1-1: E-UTRAN intra-frequency measurements

	Parameter
	E-UTRA operating band groups Note 3
	Minimum
SCH_RP Note 1
	SCH Ês/Iot

	
	
	dBm/15kHz
	dB

	Conditions
	FDD_A, TDD_A
	-127
	( -6

	
	FDD_B
	-126.5
	

	
	FDD_C, TDD_C
	-126
	

	
	FDD_D
	-125.5
	

	
	FDD_E, TDD_E
	-125
	

	
	FDD_F
	-124.5 Note 2
	

	
	FDD_G
	-124
	

	
	FDD_H
	-123.5
	

	
	FDD_N
	-120.5
	

	NOTE 1:
This condition level is increased by ∆>0, when applicable, as described in Sections B.4.2.

NOTE 2: 
The condition is -125 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


B.2.3
Conditions for E-UTRAN inter-frequency measurements

This clause defines the E-UTRAN inter-frequency SCH_RP, SCH Ês/Iot, RSRP and RSRP Ês/Iot applicable for a corresponding operating band.

The conditions for inter-frequency E-UTRAN measurements with autonomous gap are defined in Table B.2.3-1.

Table B.2.3-1: E-UTRAN inter-frequency measurements

	Parameter
	E-UTRA operating band groups Note 3
	Minimum RSRP Note 1 
	Minimum
SCH_RP Note 1
	RSRP Ês/Iot
	SCH Ês/Iot

	
	
	dBm/15kHz
	dBm/15kHz
	dB
	dB

	Conditions
	FDD_A, TDD_A
	-125
	-125
	( -4
	( -4

	
	FDD_B
	-124.5
	-124.5
	
	

	
	FDD_C, TDD_C
	-124
	-124
	
	

	
	FDD_D
	-123.5
	-123.5
	
	

	
	FDD_E, TDD_E
	-123
	-123
	
	

	
	FDD_F
	-122.5 Note 2
	-122.5 Note 2
	
	

	
	FDD_G
	-122
	-122
	
	

	
	FDD_H
	-121.5
	-121.5
	
	

	
	FDD_N
	-118.5
	-118.5
	
	

	NOTE 1:
This condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 2:
The condition is -123 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


Proposal 3: cell identification and measurement accuracy simulations are needed to develop the inter-frequency measurement requirements for UE category 1RX
As for measurement accuracy, here we list the RSRP Intra frequency absolute accuracy for UE category 0 for information.
Table 9.1.13.1-1: RSRP Intra frequency absolute accuracy for UE category 0 

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 2
	dBm/BWChannel
	dBm/BWChannel

	(7
	(10
	(-6 dB
	FDD_A, TDD_A
	-121
	N/A
	-70

	
	
	
	FDD_B
	-120.5
	N/A
	-70

	
	
	
	FDD_C, TDD_C
	-120
	N/A
	-70

	
	
	
	FDD_D
	-119.5
	N/A
	-70

	
	
	
	FDD_E, TDD_E
	-119
	N/A
	-70

	
	
	
	FDD_F
	-118.5
	N/A
	-70

	
	
	
	FDD_G
	-118
	N/A
	-70

	
	
	
	FDD_H
	-117.5
	N/A
	-70

	
	
	
	FDD_N
	-114.5
	N/A
	-70

	(9
	(12
	(-6 dB
	FDD_A, TDD_A, FDD B, FDD_C, TDD_C, FDD_D, FDD_E, TDD_E, FDD_F, FDD_G, FDD_H, FDD_N
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


It can be observed in above table that the absolute accuracy is (7 under normal condition. Note that it comprises 4dB baseband accuracy and 3dB implementation RF margin. The 4dB baseband accuracy is derived from measurement accuracy simulation. We think that this part can be reused for UE category 1RX. However, for the RF margin we think more consideration is needed before the conclusion is made. The reason is that UE category 0 is lost cost device and it’s not expected to have a strong implementation. But UE category 1RX, which is expected to be capable of normal data rate, probably can be equipped with more robust RF chain.
Proposal 4: measurement accuracy in baseband for UE category 0 can be reused but RAN4 needs to study whether UE category 1RX can have different RF implementation margin.
Another issue is about CGI reading. It can be found in TS36.133 section B.2.2 and B.2.4, the side condition of measurements with autonomous gaps is the same for intra-frequency and inter-frequency. As RAN4 has already defined intra-frequency measurements with autonomous gaps requirements for UE category 0, it’s straightforward that this requirement can be reused for UE category 1RX for both intra and inter-frequency cases. Thus we can have the following proposal:

Proposal 5: CGI reading requirements for UE category 0 can be reused for UE category 1RX for both intra and inter frequency cases.
3. Conclusions

In this contribution, we analyze the RRM impact of UE category 1RX. After discussion, the following conclusions are made:
Proposal 1: RLM requirements for UE category 0 can be reused for UE category 1RX.

Proposal 2: RAN4 needs to develop inter-frequency measurement requirements for UE category 1RX.
Proposal 3: cell identification and measurement accuracy simulations are needed to develop the inter-frequency measurement requirements for UE category 1RX
Proposal 4: measurement accuracy in baseband for UE category 0 can be reused but RAN4 needs to study whether UE category 1RX can have different RF implementation margin.
Proposal 5: CGI reading requirements for UE category 0 can be reused for UE category 1RX for both intra and inter frequency cases.
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