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1. Introduction
In RAN #76 plenary meeting a SI: Study on LTE DL 8Rx antenna ports, was approved in RP-171491 and the scope of this SI is duplicated as below,
	The study item has the following objectives for evaluation of performance for downlink 8Rx antennas:

· Evaluation of PDSCH demodulation performance with 8Rx for the transmission with rank lower than or equal to 4 

· Identify the scenarios for the evaluations

· Identify the necessary parameters including MCS, rank (≤4), antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and compare 8Rx performance with 4Rx under the identified scenarios to investigate the performance gain
· Use MMSE-IRC as the reference receiver

· Evaluation of PDSCH demodulation performance with 8Rx for the transmissions with rank higher than 4 

· Identify the scenarios for the evaluations 

· Identify the necessary parameters including MCS, rank (>4), antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and investigate the operating SNR for higher layer transmission
· Use MMSE-IRC as the reference receiver

· Evaluation of PCFICH/PDCCH demodulation performance with 8Rx

· Identify the scenarios for the evaluations

· Identify the necessary parameters including CCE levels, antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and compare 8Rx performance with 4Rx performance under the identified scenarios to investigate the performance gain
· Use MMSE as the reference receiver
· Based on the above evaluation results, identify the UE RF, RRM and UE performance requirements, which will be specified.

· Identify the scope and objectives of UE RF requirements for 8Rx

· Decide the supported LTE bands for 8Rx

· Identify the scope and objectives of RRM core requirements for 8Rx
· Identify the scope and objectives of RRM performance requirements for 8Rx
· Identify the scope and objectives of UE performance requirements for 8Rx
· UE demodulation requirements

· CSI requirements


The RRM requirements are also mentioned in the scope, but for measurement and identification requirements it may not able to obtain answer from the evaluation results in PDSCH/PCFICH/PDCCH parts. In this contribution we briefly analyse the RRM impacts for 8Rx (mainly focus on cell measurement/identification and RLM) and some potential issues related with power consumption.
2. Discussion
2.1. Cell identification and measurement 
As discussed in previous SI/WI of LTE 4Rx, there might be some gain by adding the Rx antenna number at UE side. But since no big gain for mobility was observed in the LTE 4Rx WI compared with 2Rx RRM performance, only RLM requirement and testing were extended to 4Rx case. Regarding the 8Rx case, we also need to evaluate how much gain can be obtained for measurement/identification delay and measurement accuracy compared with 2Rx case before deciding to use 8Rx for RRM or not. Moreover, if the throughput evaluation with improved measurement delay and accuracy by using 8Rx is also available it will be a big plus to justify the value of 8Rx in RRM.
The methodology used in 4Rx discussion can also be used here, and therefore we propose,

Proposal 1: The cell identification/measurement delay and measurement accuracy shall be evaluated compared with 2Rx case before deciding whether the 8Rx is also used for RRM (except RLM) or not.
· Cell identification simulation assumption
The simulation assumption for cell identification is proposed as below, (revised from R4-072215)
Table 1: Link Simulation Parameters

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Carrier frequency
	GHz
	2 GHz
	2 GHz
	2 GHz

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	PSS and SSS PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1 (FDD)
	1 (FDD)
	1 (FDD)

	CP Length
	-
	Normal
	Normal
	Normal

	DRX
	
	OFF
	OFF
	OFF

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	1) Relative Delay of 1st Path (synchronous)
	μs
	0
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	ms
	0
	1.5
	3.0

	Es/Noc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Number of Tx antennas
	-
	1
	1
	1

	PSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	SSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	Propagation Condition
	-
	AWGN, EPA5, ETU70

	Noise Model
	-
	AWGN

	NOTE :
Noc value doesn’t include the three simulated eNB signals’ power


Table 2: Other simulation assumption parameters for cell identification

	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	Yes

	Cell 1, 2, 3 carrier frequency
	Same

	False detect threshold 
	Required as in a real UE implementation

	UE having apriori knowledge of system being synchronous or asynchronous
	No

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence ID’s.

	CP length detection
	Both short or long CP may be present, hence UE needs to detect CP length

	Number of receive antennas
	8


Table 3: Cell ID Combinations to be simulated
	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous


Table 4: PSC, SSC indices for simulations
	Label
	Code index
	Cell group index 

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


· Cell measurement(RSRP/RSRQ) simulation assumption
The intra-frequency RSRP/RSRQ measurement simulation assumption might be as below, (revised from R4-141085):

Table 5: Simulation parameters for RSRP/RSRQ measurement accuracy studies

	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	8
	

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-6 dB … 3 dB
	AWGN noise 

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results


The CDF curves are to be provided for:

· Estimated RSRP

· Estimated RSRQ

· Delta RSRP   = (estimated RSRP – ideal RSRP)  [dB]  
· Delta RSRQ  = (estimated RSRQ – ideal RSRQ) [dB]  
Ideal RSRP: The ideal RSRP is the true value that does not include any channel estimation noise but uses the same sampling rate as for the estimated RSRP. 

Ideal RSSI: The ideal RSSI is an error free measure but uses the same sampling rate as for the estimated RSSI as explained below:

The aggregate ideal RSSI during L1 measurement period is the average of ideal RSSI in all OFDM symbols used for the measuring RSSI (i.e. estimated RSSI).

RSRQ is defined in TS 36.214 as: N x RSRP/RSSI; N is the resource blocks over which RSSI is measured; RSRP is measured per resource element as defined in TS 36.214. Ideal RSRQ is based on ideal RSRP and ideal RSSI.

2.2. RLM

RLM shall be considered separately from other RRM requirement, since RLM function is tightly relevant with PDCCH/PDSCH/PCFICH decoding. So if 8Rx is agreed to be used for PDCCH/PDSCH/PCFICH decoding from demod session, then we may go ahead to consider how to include 8Rx into RLM requirements. Accordingly, new RLM test cases might be designed with different SNR levels (SNR1~5) to accommodate 8Rx RLM if 8Rx RLM is needed. So, RLM part study shall wait until demod session has conclusion on PDCCH/PDSCH/PCFICH decoding with/without 8Rx.  
Proposal 2: RLM part study shall wait until demod session has conclusion on PDCCH/PDSCH/PCFICH decoding with/without 8Rx

2.3. Power consumption

One of the biggest difference between demod and RRM is that measurement behavior is much more often than data reception, and therefore if required UE to always use 8Rx for measurement without a big mobility gain it will be a big disaster to the UE battery. The tradeoff between mobility improvement and power consumption shall still be the key point for deciding whether to introduce 8Rx into RRM or not.
On the other hand, if the UE is another type terminal, like CPE connected with power line, then the power consumption may not be a problem any longer, but for those UE types, the mobility will be quite low and then the gain on measurement delay reduction will not impact much on those UE performance.

Proposal 3: The tradeoff between mobility improvement and power consumption shall still be the key point for deciding whether to introduce 8Rx into RRM or not.
3. Conclusions

In this contribution we briefly analyse the RRM impacts for 8Rx (mainly focus on cell measurement/identification and RLM) and some potential issues related with power consumption.

Proposal 1: The cell identification/measurement delay and measurement accuracy shall be evaluated compared with 2Rx case before deciding whether the 8Rx is also used for RRM (except RLM) or not.

Proposal 2: RLM part study shall wait until demod session has conclusion on PDCCH/PDSCH/PCFICH decoding with/without 8Rx

Proposal 3: The tradeoff between mobility improvement and power consumption shall still be the key point for deciding whether to introduce 8Rx into RRM or not.
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