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1. Introduction
In RAN4 #74, RAN4 had discussions on 4-RX AP UE WI scopes of PDSCH and control channel performance requirements, but conclusions of control channel requirements have not been reached to agreements. A main concern on 4-RX UE power consumptions has been raised. The UE Power consumption is a critical design factor, sometimes as important as it is prioritized over data throughput performances. As increasing number of RX AP up to 4-AP, the power consumption becomes non-trivial, therefore receiver modules need to be switched off for power saving. As one of methods, part of RX AP ports can be switches off, the 4-RX UE can change to 2-RX AP UE. It definitely scarifies 4-RX AP UE performances, so AP switching behaviors must be carefully reviewed. In other aspects, This 4-RX UE WI has another meaningful milestone to make cell coverage enhancements in Rel-13 network. The WI discussions must be considered regarding how to introduce UE requirements tests to sustain cell coverage enhancements. In this contribution, we first discuss UE behaviours on antenna port switching and power consumptions. And then we suggest reasonable solutions to resolve the potential concerns. 
In Plenary Meeting #67, 4-RX AP UEs WI has been agreed regarding control channels and RLM tests as

4.2.2
UE demodulation requirement with 4 Rx AP

 The objectives for demodulation requirements of control channels for 4 Rx AP are the following 

· Study feasibility of control channels demodulation with 4 Rx antenna with respect to

·  Impact on UE power performance

·  System benefit

·  UE behavior in network

· The outcome of the feasibility study is decision on whether control channel demodulation performance needs to be specified and which control channel needs to be specified.

· Specify control channels demodulation performance based on the outcome of the above feasibility of using 4 Rx for control channels.
4.1.2 RRM performance requirement with 4 Rx AP

The objectives for RRM performance requirements for 4 Rx AP are the following
· Specify RLM performance requirements based on the conclusion of RLM core requirement part
Basically, these tests listed above are important to ensure cell coverage enhancements by 4-RX AP UEs deployments, this contribution proposes how to make way-forward on control channels and RLM testcase introductions. About PDSCH tests, we already had a general agreement in the last meeting. 
Before discussing on further details, we want to clarify two behaviors regarding RX antenna port switching as 

(i)  RX antenna port fallback for performance :

An UE is allowed to fallback from full RX APs to partial RX AP(s) in aspect of preserving best throughput performances in cases that a less number of RX AP makes better performances than full number of RX APs. 
(ii) RX antenna port switching for power saving : 

An UE receiver switches on and off some or all of MIMO receiver antenna ports for power saving.

Although its purposes are different between (i) and (ii), an UE behavaves identically to be able to switch off RX APs. For the behaviour (i), the reason of AP switching is obvious. An UE should be able to partial RX AP receiptions if its performance is better than full RX APs receiption. So no need to argue on behaviour (i) itself. RX AP fallback should be allowed to any RX AP including 2-RX AP. 
Therefore, this contribution continues more discusses on behaviour (ii).
2. Discussion

It can be taken granted that an UE chipset commonly has power saving modes to save power under idle or near light traffic. It is a basic function that all phone manufacturors requires as one of the top prorities. Although power saving behaviors and efficiencies may be all different among chipsets, RX APs of an receiver does not always stay turning-on under idle traffic. Due to the power saving behaviour, UE may lose performances, however it is be prioritized over throughput performance improvements. 

First, we look into Rel-12 UE behaviors. Currently, RX AP switching of a Rel-12 UE is allowed in a transparent manner as UE implementation. One condition to attempt AP switching is that the UE must satisfy 3GPP performance requirements. Therefore, an UE should try AP switching with high confidence not to violate the requirements. In some sense, due to the performance requirements, arbitrary RX antenna port (AP) switching is limitedly used in practice. 

The same arguments are possible for 4-RX AP UEs with Rel-13 3GPP requirements. Actually, in Rel-13, the power consumption gets more critical comparing to 2-RX AP UEs. A 4-RX UEs are able to save power efficiciently without losing its connectivity under a enhanced cell coverage. We can summerize possobile principles of Rel-13 requirements :
· Cell coverage enhancement is expected to be achieved by introducing 4-RX UEs in a Rel-13 network.
· 4-RX UE performance enhancements is expected to be achieved explicitely over all PHY channels.
· Network is expected to accommodate UEs to save power consumption due to MIMO receiver antenna port increasments.


As discussed in the last RAN4 meeting, it is true that cell coverage cannot be extended in a short time because 2-RX UEs will co-exist in a cell for long time. For time being, 2-RX and 4-RX UE will exist together, therefore practical network deployments will be designed to support 2-RX UE performances which is a narrow range.  Consequently, 4-RX UE does not always need to demonstrate its best performances under 2-RX UE cell coverages. It is acceptable that an UE switch on all 4-RX APs, only when a user requires high data rate with heavy data traffic. However, we know that cell coverage will be enhanced gradually in future, and Rel-13 UEs must be able to support such advanced networks as the first 4-RX AP UE. Therefore, the best solution will be a method (i) to accommodate UEs to save power and (ii)  to introduce performance requirements to ensure the cell coverage enhancement. 
Observation 1: 4-RX UE does not always need to demonstrate its best performances under 2-RX UE cell coverages. RX AP switching should be allowed for power saving.
Observation 2 : 3GPP performance requirements ensure that Rel-13 4-RX UEs shall operate properly in an enhanced cell coverage extended from 2-RX UE cell coverage, even if such cell enhancement may be future realization. 
Baseline UE antenna port switching behaviour and its benifits

We discuss on a baseline behaviour of 4-RX UE AP switching. A baseline 4-RX AP UE monitors only PDCCH with 4-RX APs as Figure 1. If PDSCH is not loaded, eventually, an UE does not need to receive PDSCH signals, so an UE can turn off the PDSCH reception modules. This means that an UE only receives signals of PDCCH symbols and, if needed, related symbols. 
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Figure 1 : Baseline 4-RX AP reception on PDCCH and PDSCH
In the baseline RX behaviour of Figure 1, a concern on power consumption is still raised. If light traffic period goes for very long time (i.e. overnight), an UE does not need to desperately monitor control channels with full power consumption. Under the scheme of  Figure 1, let its power consumption 
 during idle traffic period .
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Figure 2 : UE behavior with arbitrarily RX AP switching allowance. ( It is also considerable that PDSCH can be receicevd by 4-RX during light traffic period, while PDCCH is received by 2-RX.) 

Figure 2 illustrates an arbitrary AP switching case for power saving. Assuming that an UE can make the target performance requirements, an UE can switch off  RX AP. Let its power consumption 
  with partial AP . About the power saving gain, we refer to power analysis in Table 3 of [2] to verify benefits of AP switching. A key question is how much power can be efficiently saved by AP switching of Figure 2 comparing to Figure 1. It is hard to say its power saving gain into a number, and also it is a kind of design confidential. For evidential study on the power saving benifits, we suggest to refer to WLAN device study in [2]. Based on Table 3 of [2], we expect 
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If 4-RX UE PDCCH or PDSCH performance requirements are mandated , usecases of AP swichting like Figure 2 are very limitedly used. The UE may switch off partial RX APs only if it satisfies full AP performance requirements. In this case, usecases of AP switching are very limited. Therefore, 4-RX AP UEs wants to have freedom of AP switching by avoiding PDCCH requirements. 
If  4-RX AP performance requirements are not introduced (such as 2-RX PDCCH requirments are applied to 4-RX PDCCH performance), the arbitrarily AP switching is up to fully freedom of UEs, but the UE may not be guaranteed to operate within 4-RX UE cell coverages.
In conclusion, there are benifits and disadvantages for 4-RX UEs between both cases (i) PDCCH performance requirements are not introduced in Rel-13 and (ii) both PDCCH and PDSCH performance requirements are mandated. UE’s power saving behaviors and cell coverage enhancement seems to have conflicted goals. In order to compromise the solutions, we consider options below :
Proposal 1 : We propose that RAN4 considers  a solution between these two options : 
Option 1 : network transparent AP switching  : 

· Allow an UE arbitrary 4-RX AP switching on PDCCH. 

· Only 4-RX-AP PDSCH performance requirements are introduced in Rel-13. 

Option 2 : network non-transpent AP switching  : 

· Introduce a new RRC signal assisting UE’s AP switching. 

· Define AP switching behaviors based on RRC signalling. 

· Both 4-RX-AP PDSCH and control channel performance requirements are introduce in Rel-13.
In option 2, RAN4 may consider to introduce a network signalling to sustain cell coverage as well as to accommodate UE’s power saving. A network signalling can assist RX AP switching for power saving purpose. 
eNB RRC signalling feasibility can be considered as :

· An eNB knows data transmission queue (data buffer) status if a serving UE is supposed to have heavy data traffic or light data traffics.
· RX APs is not expected to be frequently switching over sub-frames. 
Observation 3 : 
· eNB RRC signalling can be feasible by monitoring downlink data transmission queue (data buffer) status. 
· A RRC signal can be given to an UE when the UE is expected to have heavy data traffics or light data traffics. 

· RX APs is not expected to be frequently switching over sub-frames.
· eNB may evaluate sending the RRC based upon UE’s requests on AP switching.


In the option 2 scenario, an eNB requires a Rel-13 UE to satify different performance requirements depending on the RRC signal, that is generated based on data traffic status in a transmitter (eNB). Eventually, a  meaning of the RRC signal is to informs an UE about performance requirements that an UE shall satisfy. Once an UE gets eNB allowance through the RRC to make 2-RX AP requirements, the UE is allowed to switch on and off RX APs to satisfy the indicated performance requirements. Figure 3 shows an example of  AP switching with different performance requreiemtns. Based on an eNB signalling, an UE understands it shall satisfy different performance requirements and can control AP switching.

About UE behaviors on the eNB can be defined in various way. For example, from Figure-3given the eNB signal, UEs understanding on performance requirement change can be only for PDCCH or it can be for both PDCCH and PDSCH. Details of UE behaviors regarding AP switching and power saving should be further discussed in RAN4. 
Proposal 2 : 
For the option-2 in proposal-1, we propose to introduce a new RRC signalling generated based on DL traffic status. An eNB can require for a Rel-13 UE to satify performance requirements with a different number of RX APs depending on the RRC signal. 
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Figure 3 : Network non-transpent AP switching example
In summery, the network assisted AP switching can make more systematic and clear 4-RX UE AP switching behaviors. We think that it can efficiently accommodate UE power saving and a Rel-13 network can get sustain  cell coverage enhancement benefits. In this way, Rel-13 UE will not have any problem to maintain its connectivity within the enhaced coverage cell area.
3. Conclusion
In this contribution, we discussed on needs of 4-RX AP swithing for power saving. We agree that power saving of 4-RX UEs must be carefully considered in RAN4 testcase design. Simulteanously, we think that a Rel-13 4-RX UE must be able to operate properly within the enhanced cell coverage of 4-RX UEs. 
Observation 1: 4-RX UE does not always need to demonstrate its best performances under 2-RX UE cell coverages. RX AP switching should be allowed for power saving.
Observation 2 : 3GPP performance requirements ensure that Rel-13 4-RX UEs should operate properly in an enhanced cell coverage extended from 2-RX UE cell coverage, even if such cell enhancement may be future realization. 
Proposal 1 : We propose that RAN4 considers  a solution between these two options : 
Option 1 : network transparent AP switching  : 

· Allow an UE arbitrary 4-RX AP switching. 

· Only 4-RX-AP PDSCH performance requirements are introduced in Rel-13. 

Option 2 : network non-transpent AP switching  : 

· Introduce a new RRC signal assisting UE’s AP switching. 

· Define AP switching behaviors based on RRC signalling. 

· Both 4-RX-AP PDSCH and control channel performance requirements are introduced in Rel-13.

Observation 3 : 

For the option-2 in proposal-1, eNB RRC signalling is feasible by monitoring downlink data transmission queue (data buffer) status. 
· A RRC signal can be given to an UE when the UE is expected to have heavy data traffics or light data traffics. 
· RX APs is not expected to be frequently switching over sub-frames.
· eNB may evaluate sending the RRC based upon UE’s requests on AP switching.

Proposal 2 : 

For the option-2 in proposal-1, an eNB can require for a Rel-13 UE to satify performance requirements with a different number of RX APs depending on eNB’s RRC signalling as Figure 3. 
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