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1 Introduction

RAN4 has consensually agreed for dynamic receiver reconfiguration in p-t-m MBMS reception scenarios [1]. It was also agreed and captured in TR 25.906 [1] that in non MBMS scenarios (e.g. DCH, HSDPA etc) such dynamic receiver reconfiguration could be risky from network perspective.
However, based on the analysis in [2, 8] it has been suggested in [3] to extend the scope of the dynamic receiver reconfiguration [3] to non MBMS scenarios. More specifically the proposal is to ‘standardize’ procedures in relevant specifications, which would allow UE to dynamically switch between single and dual receiver branches especially in DCH and HSDPA reception scenarios. 
In our earlier contributions we have expressed our concern as to why in practice this type of dynamic receiver reconfiguration would not be feasible in DCH and HSDPA or in other similar scenarios [4-5]. This paper further clarifies our views and addresses the issues raised in [2-3].
2 Motivation for p-t-m MBMS Receiver Reconfiguration
The main reason for allowing dynamic receiver reconfiguration in MBMS scenario in good conditions is because network transmits MBMS with constant power. This means due to the lack of power control network cannot save resources. 
It is also important to note that the actual algorithm depends upon the UE implementation. However the reason to provide some standard support for this scenario (i.e. signalling of target quality) is because until now no target quality is signaled for p-t-m MBMS channels. 
3 Impact of Receiver Reconfiguration in non MBMS 
Impact of receiver reconfiguration in non MBMS scenario was addressed in earlier papers [4-5]. The non MBMS channels (e.g., DCH, HSDPA, EUL downlink channels) can be power controlled. This allows the network to save downlink transmitted power resources. The use of receiver diversity (or any enhanced receiver) on any of these channels would lead to more efficient use of transmitted power. The base station transmitted power conserved due to enhanced receiver can be used to boost the system capacity. Due to this reason we believe that receiver reconfiguration of non MBMS channels would have negative impact on the system performance. Therefore we don’t recommend receiver reconfiguration in these scenarios (non MBMS cases).
4 DCH Scenario
The contribution in [2, 8] shows that in DCH reception scenario approximately 10-40% of the UEs are in ‘low windup’ state in macro-cell scenario. Our understanding is that low windup is the situation when downlink code channel power operates at its lowest value. 
The summary and recommendations related to this analysis is as follows:

Impact of Static Analysis:

· The analysis is based on static simulations (snapshots). This means UEs positions don’t change during the simulation (or snapshot). Therefore results correspond to overall average situation. Furthermore ideal power control with 0% TPC error rate is unrealistic when looking at the impact of transmission power resources. In reality due to the mobility, fast fading, practical power control, TPC errors, switching delay etc, the downlink transmission power of individual UE would vary every slot level. However there could be occasions (one or more slots or several slots) when the downlink power stays ate minimum or maximum level. It is important to note that receiver reconfiguration decision is to be based on individual UE performance and not on the overall or aggregate performance.
Network Planning Aspect:
· The analysis in [2, 8] also considers 43 dBm and 15 dBm of minimum code channel power (15 dBm = 43 dBm - 28 dB as allowed by the standard [9]). The results show 10-40% UEs operating in low windup. This problem could be circumvented by reasonable network dimensioning, i.e. lowering the base station maximum power and minimum code power. Thus by good network dimensioning the percentage of time UEs operating at minimum power level could be considerably reduced. This point was explained in our earlier contribution [4].

Impact of Switching Delay: 

· Another important consideration is the delay involved in switching between 1 Rx and 2 Rx and vice versa. To our understanding this delay is not modeled. Therefore it is important that any receiver reconfiguration should be performed in scenario, where certain conditions (e.g. low windup) sustain for considerable longer period of time, e.g. in the order of tens of frames depending upon the BLER target. Therefore overall average results [2] are misleading to justify receiver reconfiguration.
· The UE is not aware of any downlink code channel power setting (e.g. minimum and maximum values) at the base station. As also stated in earlier contribution that UE is not allowed to make any assumptions on the power setting at the base station. An excerpt from section 5.2.1.2.1 in TS 25.214 states [6]:

 “The UE shall not make any assumptions on how the downlink power is set by UTRAN, in order to not prohibit usage of other UTRAN power control algorithms than what is defined in subclause 5.2.1.2.2”.
· We believe even if there are valid DCH scenarios in which UE could reconfigure its receiver dynamically, there is no need to specify any procedure in 3GPP specifications. The reasons are as follows. 
· The network already signals quality target, BLER (for DCH) or TPC command error rate (for F-DPCH). The UE is supposed to fulfill these quality targets as mandated by the test cases in TS 25.101 [7].
· The UE supporting enhanced requirements type 1 is required to fulfill the enhanced requirements as mandated by enhanced requirements in TS 25.101 [7].
It is important that UE fulfills the above two requirements. Thus, the specification provides sufficient information to the UE that can be used for implementing any relevant autonomous function in the UE. 
· The UE battery saving is important for overall system performance. This issue is elaborated in section 7.
5 HSDPA Scenario
Based on the results presented in table 4 of reference [2] and revised in [8], it is argued that receiver reconfiguration of HSDPA channels e.g. at 10 or 15 dB geometry factors in VoIP scenario would not have significant impact on the base station power. It is shown in [2] that the use of 2 Rx branches in such scenarios (considering only PA3 case at 10 or 15 dB G.F - static is unrealistic for this evaluation) would allow the base station to save its power between 0.5 – 3.6% per UE. In revised contribution in [8] it has been shown that the saving of base station transmission power with full receiver diversity operation as compared with dynamic receiver reconfiguration is negligibly small. These results seem quite surprising since in the latter scenario UE uses 1 Rx 50% and 80% of the time at geometries 10 and 15 dB respectively [8]. 
The summary and recommendations related to this analysis is as follows:

Impact of Node B Power:
· The overall power saved by the base station is proportional to the number of active users using 2 Rx. The number of active users could be substantially increased by good network implementation: sophisticated code allocation, use of F-DPCH, efficient power control method, use of secondary scrambling code etc. Therefore especially in VoIP scenario (or low bit rate service) the number of active users could become very large. Therefore proportionally large number of users would also be located close to the base station, i.e. at higher G.F. This means aggregate base station transmit power saving could be considerable, e.g. 10% assuming 10-5 users with 1-2% power saved per user. 
Impact of Switching Delay:
· The receiver reconfiguration on any channel including HSDPA should also ensure that UE consistently maintains the quality target (e.g. BLER or TPC command error rate). Due to the delay involved in switching between 1 Rx and 2 Rx and vice versa, the certain radio conditions (e.g. very favourable conditions) should sustain continuously for considerable period of time (same reason as in bullet 2 of section 4). The analysis in [2, 8] don’t consider any switching delay. In addition no delay in signalling over HS-SCCH is considered. These assumptions lead to over optimistic results in [2, 8]. 
· Even if there are valid scenarios where receiver reconfiguration is possible, there is no need for specifying any procedure in 3GPP. For instance the UE could reconfigure its enhanced receiver (i.e. switches off one branch) for HSDPA reception if the estimated CQI simply exceeds the maximum possible reportable CQI value (i.e. 30) or if exceeded by a certain margin. The standard clearly specifies the maximum reportable CQI [6]. The standard also specifies the enhanced receiver requirements, which the UE has to fulfill [7]. This type of reconfiguration does not impact the system and in such situation the UE could autonomously perform receiver reconfiguration without any standardization work.
· The existing methods to save UE battery and other UE and network resources are further discussed in section 7. 
6 System Gain of Enhanced Receiver Requirements
RAN4 has extensively analyzed the system impact of enhanced receiver (e.g. Type 1) on different channels before agreeing on any requirements. The analysis is done at different geometry factors, radio conditions etc. Enhanced requirements are therefore specified only for those channels, which would lead to substantial system benefit.
7 Methods to Save UE Battery and Other Resources
The efficient utilization of UE and network resources is critical to improve system performance and boost capacity. This issue has specifically been addressed within the context of ‘Continuous Packet Connectively’. The RAN WGs have almost completed this work – some work is remaining in RAN4. The DRX operation in RRC connected mode and discontinuous uplink DPCCH transmission save UE battery and uplink transmission power respectively. By the virtue of DRX the UE during the sleep period could completely switch off its receiver (i.e. both branches in case of Rx diversity) irrespective of the channel conditions. These schemes are particularly useful for low bit services like VoIP. Hopefully further improvement will also be done in CPC area in future releases. 
8 Risk of Combined DRX and Receiver Reconfiguration 

As mentioned in section 7 that CPC operation allows DRX in connected mode (CELL_DCH state). During sleep periods UE has sufficient time to save battery. However, during the active time it’s important that UE uses full capability of its receiver (e.g. use of enhanced receiver if available) for data reception and measurements. This is due to the fact that power control is not continuous and data transmission opportunity is considerably short compared to the continuous case. Therefore we believe that combination of DRX (or other relevant CPC features) and receiver reconfiguration would lead to deterioration of system performance. 
9 Conclusions
Based on our analysis we suggest the following: 

· Any procedure related to receiver reconfiguration in non MBMS channels e.g. DCH, HSDPA etc., does not have to be specified in 3GPP specifications. 
· If necessary the receiver reconfiguration in non MBMS scenarios should be UE implementation dependent i.e., autonomous function in the UE without any standardization effort. 
· It is important that UE fulfils the existing requirements and network signalled quality target levels, which are already signalled to the UE (for non MBMS cases). 

· The UE battery saving and efficient use of its transmission power are very important factors in ensuring good network performance. These issues are separately addressed by continuous packet connectivity work item. We welcome further improvement in CPC area.
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