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1.
Introduction
In the last RAN2 meeting in Seoul, followings were agreed for the HSPA Evolution.

- RLC: The RLC AM protocol is evolved into supporting flexible PDU sizes

- MAC: The MAC-hs protocol is evolved into supporting RLC PDU segmentation.      

These two bullets are beneficial in solving several problems like reducing unnecessary padding, and resolving RLC window stalling problem. Those gains are attainable for the traffic with higher bit rate and irregular SDU sizes. But it is questionable whether above bullets are helpful to other traffic types such as VoIP. 

It is currently uncertain whether the agreement made for HSPA evolution is applicable for Rel-7 because HSPA evolution is intended for Rel-8. Even though it is also applied to Rel-7, we believe that support for VoIP should be considered differently.
In this document, we investigate MAC-hs header optimization. 

2.
Discussion
Services like web-browsing or FTP download generates PDUs of various sizes. But the number of PDU sizes used for VoIP traffic is limited. Furthermore, VoIP data is periodically generated and the number of generated packet at each time instance is just one. Considering that VoIP will remain as main application also in the future, design approach of MAC header optimization for VoIP has to be different from that for other traffic.
For simple example, if we use similar MAC-hs segmentation approach for VoIP as other traffic, at least 10 bits are required to represent a maximum 1024 byte VoIP packet. But if we allow only 16 different sizes for VoIP packet, only 4 bits are required in the header.
Thus, it is beneficial to take a different approach for MAC header of VoIP. Rather than accepting the current format of MAC-hs, defining new MAC-hs format for Rel-7 can be considered. Actually, the VF (version field) of MAC-hs allows the change of MAC-hs format. 
The starting point is to look at current MAC-hs format used in Rel-6. The number of bit for each field in MAC-hs of Rel-6 is as follows:
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	Field
	Version Flag (VF)
	Queue Identifier (Queue ID)
	Transmission Sequence Number (TSN)
	Size Index identifier (SID)
	Number of MAC-D PDUs (N)
	Flag (F)

	No of Bit
	1
	3
	6
	3
	7
	1


It may be difficult to decide the number of bits for each field that fits to all scenarios. But, at least we can try to define new MAC-hs format optimized for IMS. And if we take one step further to give full flexibility, the number of bits for TSN, SID and N can be defined per UE and per Queue at radio bearer setup. 
Following points can be considered. 
1) Increasing the number of bits for SID for the queue carrying VoIP: 

In RAN2 #49, 8 MAC-d PDU sizes are agreed for VoIP RAB over HSDPA as in [1]. The reason for choosing only 8 sizes was that Rel-6 format of MAC-hs PDU allows only 8 different MAC-d PDU sizes for one priority queue. But actually, the number of useful MAC-d PDU sizes is larger than 8. So if we increase the SID field to 4 or 5 bit, then it will allow more appropriate MAC-hs PDU size selection and less padding bits in MAC-hs PDU.
2) Removing the N field for the queue carrying VoIP:

Because of the characteristic of VoIP, one MAC-hs PDU will include only one UM RLC PDU in most cases. In that case, the ‘N’ field may not be needed. Or, if we assume that one UM RLC PDU is generated every 20ms and if we assume 80 ms buffering in Node-b for worst case, it means that at most 4 UM RLC PDUs are transmitted within one MAC-hs PDU. Thus at most 2 bit is necessary for N field. But this situation may be prevented if the scheduling is properly performed.
3) Reducing the number of bits for TSN for the queue carrying VoIP:

VoIP traffic requires very short delay. And same reasoning in 2) also can be applied. So 2 bits for TSN seems enough for the queue.  
4) Removing Queue Identifier for the queue carrying VoIP: 
In HSDPA, one UE can be configured to use up to 8 HARQ processes. If we use the characteristic of VoIP, one possible enhancement is 1-to-1 mapping of one HARQ process to one queue carrying only VoIP. For example, HARQ process 1 can be dedicated to the queue of VoIP and other processes are allocated to remaining queues or other types of data. By doing this, there is no need to include QID into MAC-hs PDU carried over specific process. 
Considering above examples, we see some benefit by adjusting the number of bits for each field per queue of MAC-hs PDU. The benefit is the reduction of required number of bits in the header and the reduction of padding bit. If we think of RAN2’s effort for the selection of VoIP RAB over HSDPA for the last meetings, the achievable gain is significant.
Furthermore, if MAC-hs is evolved into per logical channel multiplexing and reordering, then it will be easier to adopt optimization listed above. Because reordering is done per logical channel, the information in the MAC-hs header can be adjusted per logical channel.
Following figure 1 can be one example format for the case when only VoIP data is included into MAC-hs header..
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Figure 1: Possible MAC-hs header structure for VoIP only (W/O process reservation) 
In figure 1, it is assumed that there is no reserved HARQ process for VoIP traffic. Accordingly, logical channel ID information is needed to indicate that VoIP traffic is included in the MAC PDU. Depending on the logical channel id, the number of bits for each field is decided. Here ‘N’ field is removed because it is assumed that only one VoIP packet is included per MAC-hs PDU. And because there is no multiplexing, “F” field is also not used. In extreme case, “VF” field can be used to indicate whether the MAC PDU is for VoIP only. Then “logical channel ID” also is not needed.
Following is another example. In this case, it is assumed that specific HARQ process is reserved for VoIP service. This kind of per process reservation mechanism is already adopted in HSUPA.
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Figure 2: Possible MAC-hs header structure for VoIP only (W/ process reservation) 
In this case, there is no need to use header in MAC-hs PDU. By looking at process ID, the receiver immediately knows that VoIP data is included, and the UE can infer the logical channel ID from that process ID. Because only one process is allocated for VoIP and this means that there is no need for re-ordering, TSN is also not needed. The only thing that the receiver needs to know is the actual size of VoIP packet because of granularity of TB size can be coarse. Figure 2 is viable option, considering the case when only VoIP service is setup for the UE. In that case, reserving 1 HARQ process out of 8 HARQ processes is easy job. Furthermore, there will be much more available HARQ processes with the introduction of MiMo. 
Last example in figure 3 is the case when VoIP data is allowed to be multiplexed with other traffic. Here, logical channel 1 is for VoIP and logical channel 2 is for other traffic. For simplicity, only two channels are shown. And the base line header format for traffic 2 was copied from [2].
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Figure 3: General MAC-hs header structure with VoIP traffic included. 
In this case, if the amount of traffic for channel 2 is big, then the gain by header optimization for VoIP may be small. But in some case, a few bits are enough to change the used MAC-hs transport Block size and the amount of padding bits in the MAC-hs PDU. Then, there will be huge gain. Thus, it may better to optimize header than not to do. 
3.
Conclusion
For better support of VoIP in REL-7, it is proposed to agree to: 

· Define a separate MAC-hs format for VoIP.
· The format in the MAC-hs header is adjustable per logical channel.
· Adopt methods described above as baseline for MAC-hs header format for VoIP.

4.
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