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1 Introduction

HSDPA is originally designed for the transmission of high-speed non-real time packet services with larger packet size. However HSDPA is now used for the transmission of low speed real time services with small packet size, e.g., VoIP and GoIP. This may lead to inefficiency of radio resource for such applications for the following reasons:

· Overhead of L1 control signalling. HS-SCCH adds a significant overhead to each HS-DSCH transmission. Although this overhead is relatively small for transmission of large packets of data, it is considerable for PS real-time services with small packets such as VoIP, PoC, Instant message, gaming over IP and etc.
· MAC-hs scheduling limitation. In current specifications, in one TTI only one MAC-hs SDU from one of the priority queues of one UE can be transmitted. This mechanism is no problem for high-speed packet services with larger packet size but may be not for low speed services with small packet size. For example, a typical RAB configuration [2] for VoIP over HSPA transmission is adopted so that three categories of packets, i.e., RTP, SIP/RTCP and SRB packet are sent via different priority queues. On the other hand, the resource granularity of HSDPA is a single code channel with SF = 16, which can convey encoded data with 960bits (QPSK) or 1920bits (QAM) in one TTI. For typical coding rate varies from 3/4 to 1/3, uncoded data with about 320bits~1440bits can be sent in a single code channel in one TTI. So the MAC-hs scheduling limitation may lead to the waste of the remaining bandwidth in one TTI when the MAC-hs PDU is quite small. Furthermore, this issue will become more distinct with the introduction of MIMO in R7 and possible adoption of 64QAM in HSPA+ [6].

CPC mode [4] in R7 aims at the issue of overhead of L1 control signalling, in particular, the HS-SCCH-less scheme is used. However, it does not consider the issue of HS-PDSCH overhead due to the resource granularity of SF = 16. In this contribution, multiuser transmission based on either MAC layer multiplexing or physical layer multiplexing is proposed as a possible solution for HSPA evolution to handle this issue.

2 Single-user MAC-hs PDU multiplexing

In order to improve the transmission efficiency of small packet services of a single user, a scheme called concatenated MAC-hs PDU [2] which was agreed in principle in RAN2#55 meeting, is proposed for MAC-hs PDU multiplexing. Figure 1 illustrates a straightforward way for MAC-hs PDU concatenation. A one bit CF (Concatenation Flag) field is used to indicate if a MAC-hs PDU or a padding field is followed. When there is no padding the last MAC-hs PDU is not followed by a CF bit.
[image: image1.emf]MAC-hs header

(without VF field)

MAC-hs SDU MAC-hs SDU

…..

Concatenated 

MAC-hs PDU

MAC-hs PDU

1

MAC-hs PDU

2

…..

MAC-hs PDU

n

padding

(optional)

VF CF CF CF


Figure 1:  Concatenated MAC-hs PDU
3 A possible scheme for multiuser transmission
Physical layer multiplexing means multiple transport blocks are transmitted in one TTI. Since HSPA is based on the premise of only one TB is used in one TTI, physical layer multiplexing seems not a back compatible scheme. So, herein we investigate a MAC layer multiplexing based example for discussion.
3.1 MAC-hs layer operation
In this example scheme, UEs with low data rate and small packet size can be grouped together to form a multiuser transmission group (MTG). The basic principle of this scheme is to handle the MTG transmission with the similar way for a single UE. So a MAC-hs multiplexing scheme proposed in [2], which was proposed to improve the transmission efficiency of small packet services of a single user and agreed in principle in RAN2#55 meeting, can be easily extended to enable efficient multiuser transmission of small packet services.
A MTG is also assigned a H-RNTI as its identity and corresponds to a number of priority queues. So, similar to the said MAC-hs multiplexing scheme, MAC-hs PDUs of different UEs in a MTG can be concatenated into a multiplexed PDU and can be sent in one TTI. The priority queues of the MTG consist of the priority queues of UEs in the MTG. The Queue IDs of the priority queues of a MTG are re-numbered (i.e. re-mapped), so the Queue ID for a MTG is used not only to identify the queues of each UE but also the UEs in this MTG. For example, for VoIP service if RTP, SIP/RTCP and SRB packets are sent via different packet queues, a MTG with 6 priority queues can include two UEs with priority queues #0~2 for one UE and priority queues #3~5 for another UE. If 12 priority queues are allowed, a MTG may include up to four VoIP users.
A MTG is also assigned a H-RNTI as its identity similar to a single UE. Since MAC-hs PDU multiplexing is not always performed for all of UEs in the MTG, the MTG should be a dynamic UE group. That means for a MTG with users more than two, the number of actually scheduled users in one TTI may vary from one to maximum number of UEs of the MTG. If each UE in a MTG always receive the HS-PDSCH belonging to the MTG without considering whether the data is actually attempted for itself or not, unnecessary retransmission will occur if the UE cannot decode the HS-PDSCH successfully while there is no data for it. So a H-RNTI encoding scheme for the MTG is illustrated in Figure 1. It is shown that the H-RNTI for a MTG is divided into two parts. The first part is used for group identity and the second part is used as a bitmap to indicate if each UE in the MTG has data to receive. Thus any UE in the MTG should receive the upcoming HS-PDSCH sub-frame if Group ID is matched and the indication bit for it in the bitmap is set.
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Figure 1   MTG H-RNTI encoding scheme
3.2 Physical layer operation

Current HS-SCCH Type 1 is coded as two independent parts. One includes information bits for HS-PDSCH demodulation and another includes information bits for HS-PDSCH decoding. The first part is masked after channel coding and rate matching by UE specific scrambling sequence.  The information bits for HS-PDSCH decoding, together with CRC that is calculated for the information bits both for HS-PDSCH demodulation and decoding and masked with the H-RNTI, is coded to form the second part of HS-SCCH. In this example multiuser transmission scheme, the first part is masked by MTG specific scrambling sequence, which is formed by 16bits group ID (the bitmap indication bits are set to all “1” or “0”). This assures the decoding of the first part of HS-SCCH does not depend on the “dynamic” bitmap. The CRC is masked with the whole MTG H-RNTI as illustrated in Fig.1. Because the CRC attachment is done before channel coding, a slight increase of computation load is required to search all possible bitmap and find the matched one.
The HARQ operation for MTG is as follows: For every UE in the MTG, each will monitor the HS-SCCH(s). If Group ID of the H-RNTI given in the HS-SCCH is matched and the indication bit for it in the bitmap is set, the UE will further judge if “new data indicator” in HS-SCCH shows it is the first transmission or prior decoding for this same HARQ process is not successful yet. If all the conditions meet the UE will receive and decode corresponding HS-PDSCH and extract its MAC-hs PDUs if decoding is successful.  Otherwise, it is shown that there is no data for this UE or it has correctly received the MTG packet, therefore, it will simply ignore the retransmission of the MTG packet.
Every UE in the MTG will feedback ACK/NACK via individual HS-DPCCH channels. Unless the maximum number of retransmission is reached, the Node B will not stop the retransmission if only one NACK is received from any UE in the MTG.

At the same time, the Node B will receive the CQI feedbacks from all the UEs in the MTG. The MCS is selected to meet the lowest CQI to ensure all UEs in the MTG can effectively received.

According to the HSDPA spec in R5/R6, if the UE did detect consistent control information intended for this UE in the immediately preceding subframe n – 1, it is sufficient in sub-frame n to only monitor the same HS-SCCH used in the immediately preceding subframe n – 1. Therefore, in the case when more than one UEs in the MTG were scheduled to transmit in the same TTI with code multiplexing, in order to prevent the UE from missing the HS-SCCH control signalling for the MTG transmission including the PDU for this UE, one possible way is to allow the MTG transmission enabled UE to monitor at least two HS-SCCHs in case the UE detected consistent control information intended for this UE in the immediately preceding subframe n – 1. 

3.3 Multiuser transmission with CPC mode

In Rel.7 CPC mode [4][5], a HS-SCCH-less operation is introduced for VoIP applications. Although this example MTG transmission scheme can be used not only for VoIP applications but also for any other services with low data rate and small packet size, e.g., PoC and real gaming over IP, it can be applied to together with the HS-SCCH-less operation. Mixed application of MTG transmission and HS-SCCH-less operation is possible. Since the MTG transmission is only used in TTIs where it is scheduled, for the TTIs where only single UE’s transmission is scheduled the HS-SCCH-less transmission can be applied. 

A better way is allow MTG transmission use HS-SCCH-less operation as well. Similar to the HS-SCCH-less operation for single UE [4][5], the UE configured with HS-SCCH-less MTG transmission need blind detection of the configured HS-PDSCH in the configured TTIs. The HS-PDSCH CRC is either UE specific or MTG specific. So the UE can successfully decoded HS-PDSCHs intended either for this UE or for the MTG where this UE is grouped.
It is easy to see that combine multiuser transmission with CPC mode can solve the issue of inefficiency of HS-SCCH and HS-PDSCH simultaneously, so it is one of possible further enhancements for R7 CPC mode.
3.4 Further discussions
Some issues and possible improvements for this example multiuser transmission scheme are discussed as follows:

- Priority queue number
Maximum eight priority queues are supported in current specifications. If more priority queues are used for multiuser transmission, a MTG may support the multiplexing of more UEs.

- H-RNTI numbering space
If a MTG includes more than 6~8 UEs, the H-RNTI numbering space may be greatly occupied. However, considering the efficiency of multiuser transmission since more UEs may lead to more retransmissions, typical UEs in a MTG is limited within 2~6.
- UE Grouping criterion
Users with similar service attributes, for example, similar or same QoS, low speed and small packet size, can be grouped. Another suggestion is that users in similar radio conditions are grouped together [3], since users in similar radio conditions would be expected to require similar MCS as well as similar number of retransmissions.

- Alternative MTG H-RNTI Format
The MTG H-RNTI encoding scheme shown in Figure 1 can help the UE in a MTG to avoid unnecessary demodulation and decoding of the HS-PDSCH in case no data attempted for it is included. This either helps to save UE’s processing resources and also avoid unnecessary retransmission if the UE cannot decode the HS-PDSCH successfully while there is no data for it.  At the same time, this MTG H-RNTI encoding scheme needs some changes to HS-SCCH coding as described above and also occupying numbering space of H-RNTI.  

Considering the typical number of UE’s in a MTG is small and 90% successful decoding rate in the first transmission, an alternative scheme is to re-use the same H-RNTI format of a single UE for a MTG. So each UE in the MTG always need to receive and decode the HS-PDSCH belonging to the MTG without considering whether the data is actually attempted for itself or not. These is no need to change the HS-SCCH coding and the use of numbering space of H-RNTI is rather low, but at the cost of consumption of UE’s power and processing resources as well as potential unnecessary retransmission.
4 Conclusion

In this contribution, the multiuser transmission idea is proposed as a candidate scheme used in HSPA evolution. It has the following benefits for low or medium speed services with small packet size (not only for VoIP):
· Multiple users share the L1 signalling on HS-SCCH and the overhead of L1 signalling is efficiently reduced. Moreover, typically for VoIP users, the combination of multiuser transmission with CPC mode can further reduce the overhead of HS-SCCH while improve the efficiency of HS-PDSCH.

· The transmission bandwidth can be fully utilized by multiplexing small packets of multiple users (it does not preclude the multiplexing of small and big packets).

· The latency is also reduced since multiuser multiplexing enables multiple packets to transmit in one TTI.

· It has lower complexity and good back compatibility. 
So, we suggest considering the multiuser transmission of small packet services as a candidate improvement scheme in the HSPA evolution beyond Release 7. And we’d like to provide further simulation analysis on this solution.
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