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Support of DTX for Conversational Services
1 Introduction

Conversational service is an important application over PS domain and in order to support conversational service in GERAN a lot of work has been done up to now, e.g. RTTI, FANR, NPM and PS HO. One of the most important advantages of VoIP is that, unlike CS voice, it permits channels to be shared by different users and/or different services. 

To support conversational services where fast acknowledgements of received data are important FANR was introduced, i.e. sending a PAN field within an uplink RLC/MAC block for data transfer. However, when standardizing FANR no agreement could be reached on how to support mobile DTX functionality together with FANR and the possibility was therefore excluded. The exclusion of DTX is seen as a major drawback since it will increase the mobile power consumption and decrease the channel efficiency. This contribution discusses a new idea on how to support DTX also when FANR is used. The idea is based on introducing a new type of ACK/NACK reporting. Together with the proposal comes also some other valuable benefits.

2 Background
During periods of mobile voice activity, voice data is sent to the network and during periods of no mobile voice activity (silence periods) the mobile has to send uplink data blocks containing a PAN (Piggyback Ack/Nack) to acknowledge the downlink data. Also during these silence periods transmission opportunities for uplink radio blocks must be allocated frequently so that PAN can be sent in time or the network will not have enough time to finish the retransmission. In case no uplink data is available, the mobile sends EGPRS PACKET DOWNLINK ACK/NACK or EGPRS PACKET DOWNLINK ACK/NACK TYPE 2 message. When the VoIP service is the only ongoing service in the mobile the amount of information sent during no uplink voice activity is very small, but the frequent delivery of Ack/Nack control messages results in a huge waste of radio resources.
Generally, for a mobile in DTX mode, it is required to be able to switch fast from non-DTX to DTX mode, i.e. leave DTX mode quickly when voice activity is detected. Even when FANR is not supported and when voice activity is detected, uplink radio blocks have to be allocated frequently so that voice data blocks could be sent to the network..
Problems of DTX support for conversational services are discussed in section 2 and a solution is outlined to solve the problems in section 3.
3 Discussion

Since the network has to schedule uplink blocks also when no speech is generated in the mobile DTX is not possible. DTX is however a very important feature since it saves battery in the mobile. Besides this DTX can also provide:
· a higher channel efficiency, because other users or services could be multiplexed on the same PDCH (pair)  in case Ack/Nack control messages do not need to be sent.
· a lower interference level in the network, because nothing is sent by the mobile when there are no data blocks in the uplink buffer. 
It is unfortunate that DTX can not be used today. However mobiles using VoIP, related to the nature of speech, could be in DTX mode for more than 50% of the time during a call.
PAN sent in the uplink is used to carry Ack/Nack information for downlink data blocks of the same user. When there are data blocks in the transmitting buffer, PAN will be sent together with data block(s), and when there are no data blocks available, a downlink Ack/Nack control message will be sent and therefore radio blocks also have to be frequently allocated to a mobile without voice activity. 
Generally, when voice activity is detected the mobile leaves DTX mode and sends the first voice data block to the network, which also informs the network voice is activated. In order for the mobile to inform the network voice activity with a reasonable short delay the network also needs to allocate uplink radio resource for the mobile frequently. 
Because of the need to quickly indicate voice activity and/or to quickly send an Ack/Nack control message the network has to frequently allocate uplink radio blocks to the mobile. As a consequence DTX in uplink is not possible. 
4 Proposal
4.1 “Free” time to be used

To allow for DTX we identified some “free” radio resources in the uplink which are not allocated by the network but which the mobile could use to send an Ack/Nack report and/or a VAD indicator. 
In the multi-frame structure there are two types of frames which could be used, the PTCCH/U and the “search” frame. For PTCCH/U, there are 68.25 symbols “free” time and for the search frame there are 156.25 symbols which are both repeated every 120 ms. Today neither of these “free” times are used to send anything to the network.
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Figure 1 “free” time in the multi-frame structure
A new burst is designed to be sent during the “free” time, and although the “free” time of the search frame is much longer than that of the PTCCH/U, the same burst is considered to be sent in both cases for simplicity. This new burst could be sent every 60 ms. 
4.2 Content of the new burst
A 3-bit Ack/Nack field is introduced to confirm data blocks sent in the past 60 ms and every bit corresponds to a 20 ms period. If all data blocks sent in a 20 ms period time are correct the corresponding bit shall be set to 1, otherwise it shall be set to 0. This should be applicable for both RTTI and BTTI configurations. If 0 is received the network will resend all data blocks in the corresponding 20 ms, otherwise all data blocks in the 20 ms are acknowledged. A time based Ack/Nack bitmap is used here similar to what is already supported by the standard.
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Figure 2 3-bit Ack/Nack
A 2-bit User ID field is introduced to identify the user on the PCDH(pair), implying that at most 4 users can send a new burst on the same PCDH(pair) which should be enough for conversational services in most cases.
A 1-bit Cause field is introduced to indicate a VAD to the network, if a voice activity is detected, Cause will be set to 1 otherwise it will be set to 0. Whenever a VAD is indicated the network will begin allocating uplink resources more frequent to the user.
In total the new burst comprises 6 bits and will only be sent if one or more data blocks are received in error or if voice activity is detected. Considering BLER of data blocks is usually about 10%, this new burst will not be sent very frequently when the user is in DTX mode. 
4.3 Structure of the new burst
A 3-bit CRC is added to the 6-bit information field, and then these 9 bits are coded with a rate 1/2 convolutional code (18 coded bits are shown as “Info” in Figure 3). All coded bits are mapped to the new burst which is named a Piggyback Burst (PB).
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Figure 3 Piggyback Burst (AB for comparing)
As shown in Figure 3, there is still a 10 symbol long gap between AB and PB which will prevent AB and PB from interfering with each other. The new burst uses the same training sequence as NB (Normal Burst) and an 8.25 symbol long guard period is used at the end of PB. 
[image: image4.emf] 

MS   BSS   MS in DTX mode  

2 RLC data block 1, 2  

1  RLC  data block  3  

1  RLC data block  4  

20ms  

6 0ms  

PB (Ack/Nack = 011)  

2  RLC data block  1, 2  

3 RLC data block5, 6, 7  

1  RLC data block  8 (USF)  

6 0ms  

Packet Downlink Ack/Nack  

O n PTCCH/U or search frame  

M ore than 2 data blocks are sent to the  same user in 2 0ms  

An  uplink radio block is allocated to the  user, so that a PAN can be sent  

R etransmit 2  incorrect  data blocks  

<  6 0ms  

PB (Cause = 1)  

RLC data block   Uplink radio block allocated frequently  

MS out  of  DTX mode  

O ne or both of th e 2 data blocks are  received incorrectly  

V oice activity  detected  

(1)  

( 2 )  

( 3 )  

A  normal  Ack/Nack control message  is sent  instead of PB if a radio block is allocated.  


Figure 4 Use case of PB
When incorrect data block(s) are detected a PB with Ack/Nack information will be sent to the network and the network will retransmit all the data blocks sent in the corresponding 20 ms. As (1) in Figure 4, both block 1 and 2 are retransmitted even if only one of them is erroneous. 
When too many data blocks (e.g. more than 2) are sent within the same 20 ms all these data blocks will be retransmitted with this PB solution even if only one of them is incorrect. In such a case, the network knows how many data blocks have been sent to the mobile and can allocate an uplink radio block for the mobile so that a Packet downlink Ack/Nack control message can be sent instead. (This could be seen as an event triggered allocation.) As (2) in the Figure 4, the network knows that a lot blocks (block 5, 6 and 7) were sent to the mobile and an uplink radio block is allocated to allow the mobile to send a Packet Ack/Nack control message to the network. 
When voice activity is detected a PB with Cause equal to ‘1’ will be sent at the first uplink transmission opportunity, i.e. either on a PTCCH/U or a search frame. When PB with Cause = ‘1’ is received the network will immediately start uplink scheduling more frequently and then the mobile will leave DTX mode as (3) shown in Figure 4. 
4.4 Signaling for PB

User ID can be sent in one of the assignment messages. If more than 1 PDCH is assigned to a TBF, the network needs to indicate to the mobile which channel should be used for PB. For instance, if a PDCH pair is assigned in RTTI configuration the network shall tell the mobile which PDCH shall be used for PB. The PDCH with the fewest number of PB sending users should be selected first. 

4.5 Feasibility of the idea
Three possible risks have been identified with this solution and they are now analyzed. The 1st risk is that AB and PB overlap each other causing the network to not receive one of them or both correctly. There are two reasons which may cause AB and PB to overlap in the BTS receiver, one is channel fading and noise and the other is the changing transmitting distance because of the mobile’s moving from the last time synchronized to the network. 
The mobile is synchronized to the network every 1.92 s on PTCCH and considering a mobile moving at 100 Km/h the time difference caused by transmitting distance is only 0.178 μs, which is about 0.05 symbols. Obviously, synchronization offset caused by a moving mobile can be neglected. 
Synchronization offset caused by channel fading and noise is simulated at link level, see Table 1. 
Table 1 Synchronization offset of AB and PB

	
	AB
	PB

	AWGN
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	Note: TU20 and TU50 are also simulated, and results are quite similar with TU3


According to these simulation results synchronization offset of both AB and PB will be no more than 1 symbol with a probability of 98% when Eb/N0 is larger than 10dB. Overlapping of PB and AB never seems to happen and the 1st risk does not exist. 
The 2nd risk is that the BLER of PB is too high for the idea to be applicable. In Figure 5 a link level simulation is shown with coding rates equal to 1/2 and 1/3, respectively. 
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Figure 5 PB BLER vs. Coding Rate
According to the simulation results, 1/3 coding rate has only about 1dB gain compared with 1/2 coding rate so 1/2 coding rate is proposed in this paper. In order to keep the PB BLER below 1% the mobile needs to send the PB burst with maximum output power. The 2nd risk is thus also negligible. 
The 3rd risk is that PBs from different users collide if two or more mobiles send PB on the same PDCH. When two users share the same PDCH the probability that any of them are in DTX mode is 50%. The collision probability between two users depends on several factors: 

· Both users are simultaneously in DTX mode. The probability for this to happen is 25%; 
· Given that both users are in DTX mode, one or more data blocks are received incorrectly from both users. With a BLER of 10% the conditional probability that both users simultaneously send a PB is <<10%. 

For example, in case of RTTI, 3 users share the same PDCH pair, and it is signaled by the network that 2 users sends PB on one PDCH (collision is possible), and the other one sends PB on the other channel (collision is impossible). In 60ms, 2 radio blocks are sent to each user in average, a PB is sent with a probability of 19% (= 1 - 0.9 x 0.9), and the conditional probability that both users simultaneously send a PB is 3.6% (= 0.19 x 0.19).
By combining the above probabilities, the collision probability is < 1%.
If more than 2 users share the same PDCH, the same analysis has been done and the collision happens with a somewhat higher probability but it is still negligible, and anyway, the probability of more than 2 users sharing the same PDCH is also very small. The number of users that can be multiplexed on the same PDCH depends on the channel quality and packetizing delay. 
4.6 Impacts
The search frames are used by mobiles to measure and/or search neighbor cells. The search frames are used to send PB only when incorrect data blocks are received and the mobile is in DTX mode (happening with a probability of 50%), so the probability that a search frame is used is far less than 50%. 
Today in non-DTX mode the search frame is 12 slots long, enough for measurement and searching. In DTX mode the search frame is 15 frames long when no PB is sent and 10 frames long with PB sent, and the search frame is longer than 12.5 slots in average. Moreover, mobiles in DTX mode have more time for measurement between 2 consecutive frames than mobiles in non-DTX mode so the measurement and search procedures are not affected.

Table 2 Length of Search frame in non-DTX and DTX mode with/without PB sent

	
	Length of Search Frame

	Non-DTX
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	DTX with PB sent
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	DTX without PB sent
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PB can be sent and received using the same transceiver as that of NB by changing the 58 encrypted bits to the 9 new bits at both sides of TSC, so implementation complexity is very small. 
5 Conclusion

DTX brings a lot of benefits, e.g. higher channel efficiency and battery power saving but it can not be supported in the uplink direction because an Ack/Nack field shall always be sent frequently or a VAD indicator shall be sent in time or both. 
In order to support DTX in uplink, a new burst sent on PTCCH/U and on the search frame is proposed containing a short Ack/Nack field, a VAD indicator and a User ID. With this solution no channel resources are required when the user is not speaking. 
It is proposed to discuss and adopt this solution in GERAN so that DTX can be used and the benefits of DTX can be obtained also when using conversational services. 









































































































































































































































































































