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1. Introduction

Based on the work plan in [1], the simulation scenario which is considered in this document is MTCH reception with dual receiver diversity, where one receiver is switched off in favourable conditions for power saving purposes. 
Since both single branch and receive diversity have been simulated previously by RAN4 to define MTCH performance requirements, the intention is to reuse these simulation models as much as possible for the study item, and to concentrate the effort on new issues, such as the way that the UE may determine that desired quality of service has been met, and the criteria which are used to enable switching between single receiver and dual receiver operation.

2. Desired quality of service

We propose that for the purposes of RAN4 simulation, it is assumed that some desired quality of service is signalled from UTRAN. If such a scheme were to be implemented in the future, this would give flexibility and control to operators to be able to exclude such switching behaviour if desired. Some companies expressed an interest in having such a level of control when the study item description was presented in RAN plenary.
For the purposes of simulation, we propose that some quality metric such as “block error rate target” is assumed to be signalled by the higher layers for common channels in a similar way to what is done today for dedicated channels.
Other metrics could be used for quality of service, such as the RLC SDU error rate, which has been used previously for defining RAN4 performance requirements for MBMS. However, we have some concerns that such a metric can only be measured at layer 2, and the additional delays which this necessarily implies may have an impact to the performance of the switching algorithm in layer 1 of the implementation.

The main difference between RLC SDU error rate and L1 block error rate would be expected to occur when performing selective combining. Combining options are discussed in more detail in the next section.
3. Soft / selective combining

Since the techniques for power saving by dynamically reconfiguring the UE receiver are likely to be applicable to users who are in good signal conditions, it is likely that the most promising scenarios for switching off one receive path are in conditions where no soft or selective combining occurs, and radio conditions are not challenging. For this reason, we believe that a suitable scenario to simulate in the first instance to gain understanding of the situation involves a single radio link.

4. Reference switching algorithm

Under the assumption that UTRAN is able to make a desired BLER target available to the UE, the algorithm to switch off one receiver should be activated only when the UE predicts that it is able to meet the BLER target with one receiver turned off. The simulation of the algorithm to perform this probably needs further discussion in RAN4#41. There are a number of ways in which this operation could be simulated, and such simulations have not been performed in RAN4 previously. 

One of the simplest techniques would be to simulate the UE estimation of BLER over some time window, and disable reception on one path when the estimate of BLER was (significantly) better than the signalled threshold. Similarly, dual receiver would be enabled if the simulated BLER estimate became close to (or worse than) the signalled desired quality target.

The algorithm for estimating actual BLER and reconfiguring the UE receiver would become something like
If crc failure occurs then 
{

BLER_Estimate = (1-α) * BLER_Estimate + α
        }

Else

{

BLER_Estimate = (1-α) * BLER_Estimate
        }

If (BLER_Estimate<K1 and in dual receiver mode) switch to single receiver mode with “best”performing  receiver

If (BLER_Estimate>K2 and in single receiver mode) switch to dual receiver mode

K1 and K2 are related to the signalled quality target with some hystersis/safety margin.
Figure 1 shows the operation of such a kind of BLER estimation algorithm, with the actual BLER during the fist 5000 TTIs being 10%, and then at TTI 5000, BLER is switched to 1%. The CRC errors in this simulation are independently distributed, corresponding to what might be seen in AWGN propagation conditions. α = 0.01 was used for this simulation trajectory, but a smaller value could be used for more filtering of BLER or a larger value to perform less filtering, which would give a faster response to transient changes in BLER but less smoothing.

In any rate, we believe that such a filter can only provide an estimate of BLER over a window length of some several seconds to tens of second, for a 40ms MTCH TTI. Since a rapid response is needed, especially to switch the UE receiver back on when the UE enters challenging conditions, we believe that a simple algorithm like this is probably not going to offer acceptable response times.
To improve the response time, we propose that the (long term) estimate of BLER can be used to adapt a target for another quality metric which can be measured much more rapidly on the received signal (for example, CPICH Ec/Io or SIR).
Such an algorithm might require some preliminary simulations to determine suitable method; however if we assume that in the short term, switching is based on comparison of  quality (eg CPICH Ec/Io or SIR) with an adaptive threshold  denoted by Q, then Q can be adapted as follows:
If crc failure occurs then 

{

BLER_Estimate = (1-α) * BLER_Estimate + α

        }

Else

{

BLER_Estimate = (1-α) * BLER_Estimate
        }

If (BLER_Estimate<BLER_Target and both receivers are enabled) reduce Q by some amount δ1 (Note : This corresponds to the case where actual receive quality is better than target,  so reducing Q means that the UE can start to switch to single receiver mode at a lower quality threshold)
If (BLER_Estimate>BLER_Target and only one receiver is enabled) increase Q by some amount δ2 (Note : This corresponds to the case where actual receive quality is worse  than target,  so increasing Q means that the UE can start to switch to dual receiver mode at a higher quality threshold)

When Rx Quality >Q switch to single receiver with the “best” performing receiver
When Rx_Quality  <=Q switch to dual receiver

Determination of step sizes δ1 , δ2  and other details such as whether there needs to be some hysteresis in switching levels and other such details may only be possible once a preliminary round of simulations has been performed.
[image: image1.png]BLER

025

02

015

01

005

1000 2000 3000 4000 5000 B0DD 7000 800 9000
TN nurmber

10000




Figure 1 : Estimation and tracking of BLER from CRC failures occurring. Actual probability of error is 10% duing the first phase of the simulation, and 1% during the second phase. This BLER estimate could be used to reconfigure UE receiver directly, or as an input to an “Inner loop” where switching is performed based on some other (more rapidly measured) quality metric.
5. Tabulated simulation parameters

It is proposed as much as possible to make use of existing simulation assumptions for MBMS and receive diversity, used to derive MTCH type 1 performance requirements. 

 Based on the work already performed, we propose the following main simulation parameters
Table 1: Switching parameters for reference switching algorithm 
	Parameter
	Unit
	

	Switching inner loop
	-
	Switching based on RX Quality threshold Q

	BLER estimation
	
	BLER is estimated using the techniques in section 4

	α
	BLER filtering coefficient
	TBD

	Switching outer loop
	
	Q is adapted using the techniques in section 4

	δ1
	dB
	TBD

	δ 2
	dB
	TBD

	Target BLER quality
	%
	TBD


Table 2: Simulation parameters for MTCH detection 
	Parameter
	Unit
	

	Phase reference
	-
	P-CPICH
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	dB
	TBD, low and high value required

	MTCH Data Rate
	kbps
	128kbps or 256kbps or both

	Transmission Time Interval
	ms
	40 or 80ms, TBD

	Propagation condition
	
	TBD

	Number of radio links
	-
	1


Table 3: Physical channel parameters for S-CCPCH
Note: Data rate for these simulations is TBD, not clear if both 256kbps and 128kbps need to be simulated
	Parameter
	Unit
	Level
	Level

	User Data Rate
	kpbs
	256
	128

	Channel bit rate
	kbps
	960
	480

	Channel symbol rate 
	ksps
	480
	240

	Slot Format #i
	-
	14
	12

	TFCI
	-
	ON
	ON

	Power offsets of TFCI and Pilot fields relative to data field
	dB
	0
	0


Table 4: Transport channel parameters for S-CCPCH
Note: Data rate for these simulations is TBD, not clear if both 256kbps and 128kbps need to be simulated
	Parameter
	MTCH

	User Data Rate
	256 kbps
	128 kbps
40 ms TTI
	128 kbps, 
80 ms TTI

	Transport Channel Number 
	1 
	1
	1 

	Transport Block Size
	2560
	2560
	2560

	Transport Block Set Size
	10240
	5120 
	10240

	Nr of transport blocks/TTI
	4
	2 
	4

	RLC SDU block size
	10160 
	5072 
	10160 

	Transmission Time Interval
	40 ms
	40 ms
	80 ms

	Type of Error Protection
	Turbo
	Turbo
	Turbo

	Rate Matching attribute
	256
	256
	256

	Size of CRC
	16
	16
	16

	Position of TrCH in radio frame
	Flexible
	Flexible
	Flexible


6. Results

In addition to the usual BLER versus SCCPCH Ec/Ior curves which are generated by RAN4 link level simulations, we believe it would be useful to understand what percentage of time is spent using single receiver at each SCCPCH Ec/Ior level that is simulated. This is useful information which gives an idea of whether the techniques provide useful savings
Based on these results, we believe it would be possible to understand the feasibility of such dynamic receiver reconfiguration techniques both in terms of how efficiently the target quality of service can be maintained, and how much time the UE is able to spend operating with the receiver configured for lower power consumption.
7. Conclusions

A proposal for simulating a scenario to investigate dynamic receiver reconfiguration when MTCH is being received is presented with the hope that this can be used to progress work on the study item in this area. We welcome feedback from other companies as to the suitability of these simulation assumptions and how to progress the work.
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