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1. 
Introduction

As part of the Rel-13 Work Item on UTRAN support for EVS over CS ([1]), SA4 has sent a LS to RAN WGs ([2], including RAN1), capturing their recent agreements or working assumptions, and asking to provide some feedback on radio related matters. This paper addresses few RAN1 aspects and actions.
2. 
Discussion
This paper focuses on inputs and open points considered relevant to RAN1, which are split into separate sub-sections below, for editorial clarification, following the same order as they are mentioned in the SA4 LS.

2.1 EVS Bit Rates and Spreading Factor 

From the SA4 LS (description):
-----------------

SA4 decided to define at least one mode set for each SF. For each SF all rates that can be supported should be included. The following table shows all the bit rates per second and net bits per frame:

	Config.
	
	No Data
	SID
IO
	SID
PRI
	2.8
	
6.60
	7.2
	8.0
	
8.85
	9.6
	
12.65
	13.2
	16.4
	24.4

	A
	SF= 256
	0
	40
	48
	56
	132
	144
	160
	(177)
	(192)
	
	
	
	

	B
	SF= 128
	0
	40
	48
	56
	132
	144
	160
	177
	192
	253
	264
	(328)
	

	C
	SF= 64
	0
	40
	48
	56
	132
	144
	160
	177
	192
	253
	264
	328
	488


The numbers in brackets indicate that SA4 request clarification from RAN1, if these rates (bits per frame) can be supported reasonably.
-----------------

RAN1 discussion
The choice of DL spreading factor (SF) for any codec-rate is a trade-off between OVSF code-space and DL transmit power. A lower SF results in higher code-space utilization, but lower transmit power. In general, the capacity formula C=B*log(1+SNR) shows that capacity increases linearly with OVSF code-space but only logarithmically in power; which might suggest that choosing a higher SF should generally be preferred. However, we must also consider how the required SNR increases in response to decreased code-space usage (i.e., higher SF). 
A higher SF implies fewer physical-channel (DPDCH) bits are available in the same 20ms TTI to carry the voice packet bits, which thus implies higher puncturing at the downlink rate-matching stage, and thus a higher channel code-rate. The poorer channel coding could cause a significant increase in the required transmit power. Note that networks typically have a limit on the maximum power allocated to each voice call. Thus an increased transmit power requirement could affect the voice quality for users at the cell-edge and/or in bad RF conditions. Table-1 shows the DL Tx power requirement for the largest bit-rate packets of the AMR12.2, EVS8.0 and EVS9.6 codecs. The table was obtained by simulations performed using the same methodology as in TR25.702. We see that EVS8.0 requires lower Tx-power than AMR12.2, while EVS9.6 requires larger power. This suggests that EVS9.6 should be excluded from config-A. 
Table 1: DL TxEc/Ior (dB) for different codec-rates in ITU PB3 channel
	Geometry dB
	AMR12.2
	EVS SF256

	
	full packet
	EVS8.0
	EVS9.6

	3
	-18.5
	-19.12
	-18

	6
	-19.98
	-20.64
	-19.47

	9
	-20.95
	-21.6
	-20.45

	12
	-21.51
	-22.17
	-21


Another drawback of increasing the maximum bitrate within a given RAB configuration is the resultant impact on the lower bitrates. The fixed-positions rate-matching used in R99 partitions the available channel-bits between DTCH (voice) and DCCH based on the rate-matching attributes and maximum packet-sizes for DTCH and DCCH (along with other factors such as convolutional coding-rate and CRC-size). The resulting number of bits allocated to DTCH are all used by DTCH when the largest DTCH packet is carried on it. For the smaller DTCH packets, not all these bits are used (i.e., some are DTXed). The number of bits actually used for any given smaller packet-size decreases if the total number of available bits is less. Thus, the code-rates for all packet-sizes tends to increase if a larger packet is added to the same RAB configuration, reducing the link-efficiency for all of them. This effect can be countered by choosing appropriate rate-matching attributes that allocate more bits to DTCH, but that would then penalize the DCCH performance.
Based on the above considerations, it is suggested to exclude the bit-rates in brackets from the EVS configurations A & B identified by SA4. i.e., configs A & B should have maximum bit-rates of 8 and 13.2 kbps, respectively, in order to fulfill the SF requirements.
2.2 Impacts of CMR 

At high level, CMR (Codec Mode Request) is signalling carried in-band (overhead, part of the EVS payload), which may be used e.g. for BW control. It should be noted that SA4 has not yet concluded whether to add such mechanism or not.

From the SA4 LS (description):

-----------------

It is proposed to send CMR also on Iu and Uu and this may require some small overhead in each Configuration also on UTRAN, transparent to the RNC. The expected minimum overhead (3...5 bits) depends on the number of modes in each Configuration and would lead to the following table with payload bits per frame:

	Config.
	
	No Data
	CMR only
	SID
IO
	SID
PRI
	2.8
	
6.60
	7.2
	8.0
	
8.85
	9.6
	
12.65
	13.2
	16.4
	24.4

	A*
	SF= 256
	0
	3
	43
	51
	59
	135
	147
	163
	(180)
	(195)
	
	
	
	

	B*
	SF= 128
	0
	4
	44
	52
	60
	136
	148
	164
	181
	196
	257
	268
	(332)
	

	C*
	SF= 64
	0
	5
	45
	53
	61
	137
	149
	165
	182
	197
	258
	269
	333
	493


“CMR only” in this context means: the application requires in rare cases to transmit the CMR in speech pauses. Another possibility would be to use the full CMR as defined for the RTP payload format (7 bit). If the modes in brackets could be included in Configuration A and B, then one more bit for CMR would be required (not shown here).

-----------------

RAN1 discussion

The addition of 3 to 5 bits to each payload is not expected to significantly change the link performance of the payload. The possible exception is for the very small payloads (SID and Null) where the addition is a more significant percentage change in the number of bits. However, per the table from the LS, the Null (or No-data) packet still carries no data as in the case without in-band CMR signaling, and an additional CMR-only packet is introduced for rare cases of CMR transmission during speech pauses. The SID packet incurs a size increase of up to 12.5% (for SID-IO with 5-bit CMR), however it requires low transmit power and occurs infrequently (around 6% of the time at 50% voice-activity). 
Thus, it is not expected to have significant link-efficiency impacts. A more detailed and quantitative assessment would require further analysis, though. 
2.3 Other RAN1 related inputs 

From the SA4 LS (actions):

-----------------

SA4 is interested to understand the resulting bit error rates, frame loss rates, rate of undetected corrupted frames and so on, for all modes in the tables, including the ones in brackets.SA4 will take these results into account to make the final decisions on the Configurations.

-----------------

RAN1 discussion

Some simulation results, focusing on few selected codec rates and metrics (related mainly to error protection schemes) can be found in [3]. There is no plan, nor identified need, to perform additional simulations/analysis or assess other performance metrics. 
-----------------

SA4 ask RAN1 and RAN2 to give feedback on potential impacts of removing the lower rates from 2.8 kbit/s up to 8 kbit/s inclusive.
-----------------

RAN1 discussion

Removing lower codec rates from a RAB configuration would have some trade-off to consider. On one side, the RAB configuration becomes simpler. However, this will mean that a RAB/PHY reconfiguration is required to switch between configurations B/C and configuration-A, if/as needed (e.g. for capacity/load reasons).
Overall, voice capacity gains are considered very important, thus it is recommended to include also low codec rates in EVS configurations.
3. 
Conclusions
In summary, the following considerations can be derived: 

· On possible extensions of EVS configurations to higher codec rates (fitting the same SF), it is suggested to exclude the bit-rates in brackets from the EVS configurations A & B identified by SA4. i.e., configs A & B should have maximum bit-rates of 8 and 13.2 kbps, respectively, in order to fulfill the SF requirements.

· About CMR, there are not many impacts to the RAB/PHY configuration due to the addition of few extra bits to the EVS payload size. Performance wise, it is not expected to have significant link-efficiency impacts; a more detailed and quantitative assessment would require further analysis.

· It is considered beneficial to include low codec rates in EVS configurations, mainly from a capacity and RAB reconfiguration standpoints.
-----------

RAN1 should discuss the above points and inform SA4 of any relevant feedback or outcome.   
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