3GPP TSG RAN WG1 Meeting #48bis
R1-071721
St. Julians, Malta, March 26 – 30, 2007
Source: 
Alcatel-Lucent
Title:
DL Control Signaling and Multiplexing for VoIP
Document for:
Discussion and Decision

1 Introduction
The efficiency of signalling in the L1/L2 control channel (PDCCH) is a major factor limiting the maximum number of users in a cell when considering services that transmit very small packets at very small intervals like VoIP if each transmission is to be scheduled dynamically. Different approaches have been presented in RAN1 to address this problem, one being the use of a persistent scheduling allocation that is active for the duration of a VoIP call. During the call itself, no more scheduling grants have to be transmitted, relaxing the load on the control channel. 

In case persistently scheduled users are sharing the same pool of resources with dynamically scheduled users, resources not used by the persistently scheduled users may be given to dynamically scheduled users[2]. 
According to [1], on average a typical voice user is active only for about 50% of the time. During the silence period, only a Silence Indicator (SID) would be transmitted at much larger intervals (160 ms according to [1]) which is also smaller than a VoIP data packet. In case if persistent scheduling is used, this would mean that nearly 50% of the resources reserved for a specific persistently scheduled user would be available to other dynamically scheduled users.

A possible alternative to persistent scheduling is to actually issue the persistent scheduling grant not on the beginning of a voice call but rather on the beginning on a talk spurt and revoke the grant when the talk spurt ends. This method, also called semi-persistent scheduling, leads again to more control channel overhead since more full scheduling grants and revocation messages have to be transmitted in comparison to a completely persistent scheduling approach. 

This contribution shows and compares possible alternatives to control channel signalling in order to perform persistent scheduling in downlink most efficiently.
In case synchronous HARQ is employed for DL transmission of persistently scheduled data, the possibility of collisions between retransmissions of dynamically scheduled data and persistently scheduled transmissions does not exist since the dynamically scheduled data still makes use of asynchronous HARQ.
2 Talk Spurts and Silence Periods

Like stated in the introduction it is expected that users in a VoIP call are actively speaking for only about 50% of the time. It is desirable not to make use of explicit revocations and reallocations of the persistent scheduling grant but rather make use of an optimized scheme to achieve the transition between talk spurts and silence periods with less control channel overhead. The transitions are expected to happen in the multiple-seconds range. During silence periods, the power consumption of the UE can possibly be reduced due to DTX/DRX and micro-sleep.

The next two subchapters introduce mechanisms for the transition from talk spurts to silence period and vice-versa. The third subchapter shows two possibilities for transmitting the SID. The term “deactivation” will be used for the transition from talk spurt to silence and the term “activation” will be used for the transition from a silence period to a talk spurt.
2.1 Transition from Talk Spurt to Silence Period
A control message for the deactivation of a persistent allocation may be piggybacked on the last voice frame, attached to the first SID frame the will be transmitted within the last resource persistently scheduled before the silence period in the PDSCH takes effect. This depends on detection method. There are four possible mechanisms to detect the transition from an active voice period to silence: 
A) Buffer management (transmission buffer is empty for multiple of voice data inter-packet intervals)

B) Variation of size of the SID packets compared to voice data packets

C) Deep inspection of the voice packet whether it is a voice data packet or SID packet (knowledge of codec needed)

D) Explicit signalling of the application to the LTE protocol stack (modification on application needed)

These mechanisms however only influence the exact point in time when the deactivation message is sent. 

An optimized control message for deactivation may either be based on
A) a single bit being part of the MAC data PDU header,
B) a separate MAC control PDU,
C) an RRC message.
The transmission of the deactivation signal via a MAC messages offers the advantage that less bits have to be transferred over the air interface in the PDSCH compared to the transmission of an RRC message. According to C), although the deactivation information is relevant for the MAC layer, it would need to  pass it to the RRC instance, which in turn transmits it to the peer RRC instance and then passes the information to the MAC layer again. This seems to be complicated compared to transmitting the information on the MAC layer directly. Thus, the use of an RRC message for deactivation does not seem to offer any advantage over any of the two types of MAC messages.
Whether an additional bit in the MAC data PDU header or a separate MAC control PDU shall be used depends on the point in time when the beginning of the silence period is detected, and whether there are still MAC data PDUs to be transmitted in which the deactivation bit can be set. If the resources are still reserved but not data is to be transmitted (e.g. if beginning of silence period is detected by buffer management, a separate MAC control message needs to be sent. However, in order to retain the maximum flexibility, both approaches should be taken into consideration.

2.2 Transition from Silence Period to Talk Spurt
The detection of the transition from a silence period to a talk spurt can make use of the same mechanisms as described in 2.1. Once the activation is detected, the persistent grant is reactivated. In any case, this transition needs to be faster than the transmission interval of the SID (e.g. 160 ms). In DL, there are two possibilities for transferring this information:

A) Implicitly by decoding of the persistently scheduled resources for initial transmissions on PDSCH 
B) reactivation via a special L1/L2 control channel (PDCCH) message

According to approach A), the UE decodes every n-th persistently scheduled resource (e.g. every second persistently scheduled resource, resulting in intervals of 40 ms) during the time the persistent scheduling grant is deactivated. During the remaining time the UE may go into DRX if no other data is to be transmitted. In case other, dynamically scheduled data is transmitted in this resource, the CRC fails and the transmission of HARQ NAK messages is suspended (since a failed CRC is the indication of a transmission of dynamically scheduled other data). In case the persistent grant is reactivated, the CRC should succeed and an ACK is transmitted. If this first transmission fails, the eNB recognizes this unsuccessful transmission (by not receiving a HARQ ACK) and sends the remaining packet together with one or more possible next packets by dynamic scheduling in the next persistent resource allocation.
This approach has the advantage that absolutely no control channel data has to be transmitted in case the intial transmission succeeds without errors..
Another possibility to handle voice packets that were not correctly received in the first transmission attempt after a silence period is to drop the packet..
For the application of explicit signalling according to B), the special L1/L2 control channel (PDCCH) message could be a very short message that would only be transmitted in the case of the transition between silence and voice active mode. Additional signalling load can thus be assumed to be very low since this message is only expected to appear in intervals being multiples of seconds. There would not be any voice packet dropping or delaying according to this approach. The UE has to monitor a certain set of candidate control channels in RRC-connected state in any case, thus there is also no additional control channel monitoring procedure necessary.
As shown in Figure 1, after the initial grant (1) no PDCCH control message is transmitted until the explicit reactivation message (3) is sent to the UE  . The deactivation message is transmitted via the MAC data PDU header or via a MAC control PDU (2). 


[image: image1]
Figure 1: Approach B: Explicit Signalling of Deactivation and Reactivation Signalling

2.3 Transmitting the SID

Basically there are three possible mechanisms in order to transmit the SID when using persistent signalling with fast deactivation and reactivation like described above:

A) dynamically scheduled, every time a SID is to be transmitted 
B) persistently scheduled, using two formats of resources for voice and SID transmission and dynamically switch between them
C) persistently scheduled, using the same format of resources for voice and SID transmission and using e.g. padding for the equalization of the amount of data 
The first option is to dynamically schedule the transmission of each SID is transmitted. Since this happens only about every 160 ms, the control channel load would be much less than if all active voice data were to be scheduled dynamically, however not as low as when the SID transmission would also be persistently scheduled as in case B) and C).

The second option is to persistently schedule not only the resources for the actual VoIP data transmission but in parallel the resources for the transmission of the SID. The actual physical resources for both persistent grant could actually overlap since only either voice frames or SIDs are transmitted, but never both at the same time. 
The third option does not require any signalling. Furthermore the degradation of the resource efficiency is assumed to be very small, as the padding will only be applied in the cases when SID is transmitted.

 
3 Requirements 
We propose to take the following fields into consideration for an initial persistent DL scheduling grant:

Table 1: Persistent scheduling grant for DL

	
	Field
	Size (bits)
	Comment

	Cat. 1
	Indication of Scheduling Format
	2-3
	Persistent or Dynamic

	
	PRB  base address
	5 (at 5 MHz)
	7 at 20 MHz, addresses a single RB

	
	Information for distributed scheduling
	11
	e.g. max. number of RBs and spacing, selection of subcarrier within the RB

	
	Transmission period for persistent allocations in [2,3,4,6] radio frames
	2
	20ms, 30ms, 40ms, 60ms

	Cat. 2
	Modulation and coding (transport format)
	0
	Blind decoding of pre-defined formats assumed

	
	MIMO Info (antenna selection, code word)
	6
	To be defined

	Cat. 3
	HARQ related information
	0
	RVN, NDI, HARQ proc # are not required, associations can be done blindly, or sync. HARQ  for persistent allocations can be assumed

	
	CRC + User ID
	16
	UE ID masking the CRC assumed

	
	Total bits / grant
	~42 bits
	


4 Conclusions

In this contribution we described and propose to include in the RAN1 discussion:
· The use of the synchronous HARQ retransmission scheme for persistent scheduling

· The explicit deactivation of the persistent resource allocation mentioned in Section 2.1
· The implicit or explicit reactivation at the end of the silence periods as described in Section 2.2
· the format of a persistent scheduling grant for DL
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