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1 Introduction
In the last meeting RAN4#74bis, RAN4 has reached to an agreement to introduce PDCCH/PCFICH performance requirements, but ePDCCH requirements has not been agreed in [1].
For PDCCH/PCFICH, RAN4 has made an agreement in [1] 
- Extend existing 2RX test configuration for 4RX PDCCH/PCFICH requirement. Assumption is that PDSCH is always scheduled in the test and not OCNG.

- Companies are invited to bring results and analysis based on extension of the existing 2RX configuration to 4RX

For ePDCCH, we see some concerns still due to power saving. Through control channel discussion in the last meeting, 4-RX AP switching behaviors are handled importantly, for an example the reason of the PDCCH testing assumption of actual PDSCH scheduling is to let 4-RX UE to have heavy data traffic and ensuer to turn on 4-RX APs. As an UE vender, we agree that the 4-RX AP swiching will be very crucial to UE venders and must be considered in the 4-RX AP UE WI. 
In this contribution, we discuss two parts (i) feasibility of 4-RX AP switching for control channel monitoring, (ii) PDCCH/PCFICH performance evaluations.
2 Discussion on Non-transparent 4-RX AP Swithcing
An UE always does its best to save power. As discussed through the meetings, AP switching is one of major power saving methods. In the last meeting, non-transparent 4-RX AP switching method has been proposed by Intel [2], however, new RRC-signalling introduction is out of the 4-RX AP UE WI scope, so consideration on it has been precluded. In fact, as we analyse the current TS36.331, RRC signals for make non-transparent UE power saving already exists, so we want to further discuss methods to reuse of the RRC signal and accommodate 4-RX AP UE power saving.
We would like to emphaze that concerns on 4-RX UE power consupmtion must be much seriously handled comparing to 2-RX AP UE. 4-RX AP switching is necessary in any manner; however, we still have concerns on the transparent AP switching manner in terms of power saving efficiency and network behaviors. Its negative impacts on network are enumerated as below :


Concerns on transparent 4-RX AP switching manner
Overall issue : An 4-RX UE must make 4-RX UE performance requirements in any case. When the UE switches off some APs, there is always risk for a 4-RX UE to violate performance requirements, and such risk reduces power saving efficiency.
CSI issue : CSI measurements between 4-RX APs and 2-RX APs will cause confusions in the network. Whenever RX AP switches, the CSI measurements will be inconsistant. 
PDCCH detection issue : when an UE switches to 2-RX APs and an eNB assigns PDCCH aggregation level at 4-RX AP UE performance, the UE may fail to receive scheduled PDSCH information. 
RRM/RLM issue : RRM measurements measurements between 2-RX and 4-RX are undistinguiable. In RLM , a UE behavior reporting in-sync or out-sync between 2-RX and 4-RX measurement and its criterion is unclear with transparent RX AP switching. 
Therefore, it will be desirable to make it in a network non-transparent way with consensus between an eNB and an UE. 
As analyzed TS36.331 spec, we pay attention to a fact that power preference indication RRC signal and mechanism already exist in the current spec.
Observation 1 : A 4-RX UE must make 4-RX UE performance requirements in any case. When the UE switches off to 2-RX AP UE, there is always risk for a 4-RX UE to violate the performance requirements, and such risk reduces power saving efficiency. Also, such transparent manner of RX AP switching causes concerns regarding CSI and RRM measurements.
Observation 2 : “Power preference indication” RRC signal and power saving mechanism already exist in the current TS 36.331 spec.
Observation 3 : Network non-transparent manner of 4-RX AP switching for power saving purpose is feasible without introducing new RRC signals. 
The related part of TS36.331 is captured. There is already “UEAssistanceInformation” indicating UE’s power saving preference. Under the legacy spec (up to Rel-12), an UE can expree its preference on power saving as steps below :
Power saving preference indicaton steps under the legacy spec (figure 1)
(i) eNB sends RRC connection reconfiguration to ask an UE to provide power preference indication
(ii) An UE evaluates its transmission buffer status and communication load and determin its power saving preference between “lowPowerConsumption” and “normal”.
(iii) The UE reports the message through UEAssistanceInformation.
(iv) If eNB receives “lowPowerConsumption”, eNB can comprise a long value for DRX cycle for UE’s power saving.
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Figure  : Up to Rel-12, legacy UEAssistanceInformation “power preference indication” usecase
As figure 1, if an UE indicates its status with no need of heavy communication, eNB can set a long DRX cycle for power saving under the legacy network. In fact, we found the signalling mechanism in TS 36.331 spec, but in the spec we don’t find any mandated eNB behaviors corresponding to the UE report, which means that comprising DRX cycle is just a way to accommodate UE’s power saving. Similarly to such mechanism, RAN4 may be able to consider additional network behaviors for 4-RX AP power saving by relaxing 4-RX AP performance requirements.
Using the existed signallings, eNB can still accommodate 4-RX UE power saving as figure 2. We believe that this method will be ease the network concerns and improve UE’s power saving efficiency. 
Possible power saving preference indicaton steps for 4-RX UE (figure 2)
Step (i) ~ (iv) are identical to the legacy method above. 
(v) eNB’s additional understading on UEAssistanceInformation “power preference indication” : 
If eNB receives “lowPowerConsumption”, eNB can understand the 4-RX AP UE status of switching to 2-RX AP.  Performance requirements can be relaxed to 2-RX AP performance.
To our understanding, the additional eNB understanding can accommodates UE to save more power withoug spec changes.

[image: image2.emf]An eNBrequests an UE 

to provide power 

preference indications 

An UE select

powerPrefIndication=

＂

lowPowerConsumption

＂

or

＂

Normal

＂

eNB

An UE transmits UL  

UEAssistanceInformation

message with 

powerPrefIndication=

An eNB comprise a long 

value for the DRX cycle 

and serves only 

background traffic

UE UE eNB

For Rel-13,

Relax 4-RX RX AP 

performance 

requirements 


Figure 2 : Possible Rel-13 UEAssistanceInformation “power preference indication” usecase for 4-RX AP UE
The related part of TS36.331 is captured in the box below. We propose RAN4 to consider feasibility of non-transparent 4-RX AP switching method under the current spec and existed RRC signals.
Beginning of  TS36.331 Capture
5.6.10
UE Assistance Information

 5.6.10.1
General
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Figure 5.6.10.1-1: UE Assistance Information

The purpose of this procedure is to inform E-UTRAN of the UE’s power saving preference. Upon configuring the UE to provide power preference indications E-UTRAN may consider that the UE does not prefer a configuration primarily optimised for power saving until the UE explictly indicates otherwise.

5.6.10.2
Initiation

A UE capable of providing power preference indications in RRC_CONNECTED may initiate the procedure in several cases including upon being configured to provide power preference indications and upon change of power preference.

Upon initiating the procedure, the UE shall:

1>
if configured to provide power preference indications :

2>
if the UE did not transmit a UEAssistanceInformation message since it was configured to provide power preference indications; or

2>
if the current power preference is different from the one indicated in the last transmission of the UEAssistanceInformation message and timer T340 is not running:

3>
initiate transmission of the UEAssistanceInformation message in accordance with 5.6.10.3;
5.6.10.3
Actions related to transmission of UEAssistanceInformation message

The UE shall set the contents of the UEAssistanceInformation message:

1>
if the UE prefers a configuration primarily optimised for power saving:

2>
set powerPrefIndication to lowPowerConsumption;

1>
else:

2>
start or restart timer T340 with the timer value set to the powerPrefIndicationTimer;

2>
set powerPrefIndication to normal;

The UE shall submit the UEAssistanceInformation message to lower layers for transmission.
UEAssistanceInformation field descriptions:
powerPrefIndication : 
Value lowPowerConsumption indicates the UE prefers a configuration that is primarily optimised for power saving. Otherwise the value is set to normal.
End of Capture
In this meeting, we want to discuss that 4-RX AP switching as figure 3 is feasible using the existed RRC signals. In short, we want to discuss feasibility of non-transparent manner of 4-RX AP swiching for power saving purpose as
- Discuss “power preference indication” RRC signal can be used under non-DRX mode
- Under non-DRX mode, discuss if network can accomdodate a 4-RX AP UE to switch into 2-RX AP when an UE indicates that power saving gets high priority than performance.
- Under DRX mode, discuss if network can accomdodate 4-RX AP switching as well as DRX cycle adjustment.
Proposal 1 : Consider feasibility of non-transparent 4-RX AP switching method under the current spec and existed RRC signals as Figure 2. The method can ease the network concerns and improve UE’s power saving efficiency. 

- Study feasibility of UEAssistanceInformation message usecase and power saving mechanism for non-DRX and DRX modes
Proposal 2 : We want to discuss feasibility of non-transparent manner of 4-RX AP swiching for power saving purpose specifically as
· Discuss if “power preference indication” RRC signal can be used under non-DRX mode

· Under non-DRX mode, discuss if network can accomdodate a 4-RX AP UE to switch into 2-RX AP when an UE indicates that power saving gets high priority than performance.

· Under DRX mode, discuss if network can accomdodate 4-RX AP switching as well as DRX cycle adjustment.


[image: image4.emf]Time

(Subframe)

Number of RX

1

2

3

4

#PDCCH RX AP

#PDSCH AP

(loaded)

SF 0 SF 1 SF 2 SF n SF n+1 SF+k SF k+1 SF k+2 SF+k-1

eNB  asks power 

preference to an UE

and

UE reports 

powerPrefIndication=

＂

lowPowerConsumption"

An UE shall satisfy 2-RX UE

performance requirements

An UE shall satisfy 4-RX UE 

performance requirements

An UE shall satisfy 4-RX UE 

performance requirements

eNB does not ask power 

preference 

or

UE reports

powerPrefIndication=

＂

Normal

＂


Figure 3 : Possible UE behavior depending on powerPreIndication report under the current spec ( it is possbile without new RRC signal introduction )
3 Discussion on PDCCH/PCFICH Testcases and Performnances
In this section, we provide PDCCH/PCFICH performaces of 4-RX AP UEs. Since PDCCH/PCFICH is not neccesarily transmitted through all given TX antenna ports, its TX configuration can be 1-TX, 2-TX or 4-TX. Therefore we consider all TX configurations for 4-RX AP UE testing.
Propose 3 : We propose PDCCH/PCFICH performance testcases as 
· 1-TX test by reusing testcase FDD 8.4.1.1

· 2-TX test by resuing testcase FDD 8.4.1.2

· 4-TX test by resuing testcase FDD 8.4.1.2.2
· 1-TX test by reusing testcase TDD 8.4.2.1

· 2-TX test by resuing testcase TDD 8.4.2.2

· 4-TX test by resuing testcase TDD 8.4.2.2.2
We provide FDD test performances as below.
8.4.1.1
Single-antenna port performance

Table 8.4.1.1-1: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 MHz
	8 CCE
	R.15 FDD
	OP.1 FDD
	ETU70
	1x4 Low
	1
	[]
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Figure 4 : 4-RX AP UE performances with 1-TX
8.4.1.2
Transmit diversity performance

8.4.1.2.1
Minimum Requirement 2 Tx Antenna Port

Table 8.4.1.2.1-1: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	10 MHz
	4 CCE
	R.16 FDD
	OP.1 FDD
	 EVA70
	2 x 4 [Low or ULA Medium]
	1
	 []
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Figure 5 : 4-RX AP UE performances with 2-TX
8.4.1.2.2
Minimum Requirement 4 Tx Antenna Port

Table 8.4.1.2.2-1: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	5 MHz
	2 CCE
	R.17 FDD
	OP.1 FDD
	 EPA5
	4 x 4 [Low or XPOL Medium ]
	1
	[]
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Figure 6 : 4-RX AP UE performances with 4-TX
4 Conclusion

Observation 1 : A 4-RX UE must make 4-RX UE performance requirements in any case. When the UE switches off to 2-RX AP UE, there is always risk for a 4-RX UE to violate performance requirements, and such risk reduces power saving efficiency. Also, such transparent manner of RX AP switching causes concerns regarding CSI and RRM measurements.
Observation 2 : “Power preference indication” RRC signal and power saving mechanism already exist in the current TS 36.331 spec.
Observation 3 : Network non-transparent manner of 4-RX AP switching is feasible without introducing new RRC signals. 
Proposal 1 : Consider feasibility of non-transparent 4-RX AP switching method under the current spec and existed RRC signals as Figure 2. 

- Study feasibility of UEAssistanceInformation message usecase and power saving mechanism for non-DRX and DRX modes
Proposal 2 : We want to discuss feasibility of non-transparent manner of 4-RX AP swiching for power saving purpose specifically as
· Discuss if “power preference indication” RRC signal can be used under non-DRX mode

· Under non-DRX mode, discuss if network can accomdodate a 4-RX AP UE to switch into 2-RX AP when an UE indicates that power saving gets high priority than performance.

· Under DRX mode, discuss if network can accomdodate 4-RX AP UE power saving as well as DRX cycle adjustment.

Propose 3 : We propose PDCCH/PCFICH performance testcases as 
· 1-TX test by reusing testcase FDD 8.4.1.1  
· 2-TX test by resuing testcase FDD 8.4.1.2

· 4-TX test by resuing testcase FDD 8.4.1.2.2
· 1-TX test by reusing testcase TDD 8.4.2.1  
· 2-TX test by resuing testcase TDD 8.4.2.2

· 4-TX test by resuing testcase TDD 8.4.2.2.2
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