3GPP TSG GERAN #38
TDoc GP-××××××
××××××
Agenda Item: ×.×.×.×
××-××  May 2008
Source: Huawei Technologies Co., LTD.
3GPP TSG GERAN #39
TDoc GP-081027
Florence, Italy
 Agenda Item: 7.1.5.10
25th - 29th August 2008

Source: Huawei Technologies Co., LTD.

On Diversity Schemes for MUROS
1 Introduction

The basic idea of MUROS [1] is to allocate two or more voice users on the same timeslot. Theoretically, MUROS can at least double the voice capacity of a network without adding new TRXs. But MUROS also adds to the total interference in the network, and introduces extra complexity to various RRM policies, e.g. power control. These RRM issues must be solved before MUROS is technically applicable with expected capacity gains.
In [2], a frequency hopping scheme (abbreviated to FHS) was proposed to improve the constant interference between two paired MUROS users. In [3], a user diversity scheme (abbreviated to UDS) was proposed to fully exploit the advantages of DTX when both HR sub-channels of a timeslot are in MUROS mode. The key idea of these schemes is to avoid two users being paired together continuously. This contribution contains some discussions about the impacts of these schemes to current RRM policies.
2 User pairing
2.1 Impact of user pairing on system level performance
A naive user pairing policy would be to create two MUROS sub-channels for each timeslot, and give all MUROS sub-channels the same priority during channel allocation. This solution has several obvious drawbacks. Firstly, half of the users will be paired with other users at call establishment stage. The probability of dropped call during call establishment will increase. Secondly, the “first comer” of a timeslot, who may at that time be at the cell boundary, will experience deteriorated call quality caused by the uncertain interference of the paired user. Lastly, even if no dropped call appears, the stronger sub-channel may have a power level much higher than necessary due to power control for the weaker sub-channel (see section 3).

The problem here is that, whenever two users with very different radio conditions are paired together, or at least one of the paired users is at the cell boundary, both users will make negative contributions to network KPIs.
In practice, user pairing is often achieved by “channel mode adaptation” from non-MUROS to MUROS [4]. Only those users with good qualities can be paired together, and the pairing is often done by intra-cell HO. Furthermore, care should be taken of the paired calls, because radio conditions keep changing for every single user. If the quality of one of the paired users turns bad, channel mode adaptation from MUROS to non-MUROS should be applied.
2.2 Impact of diversity schemes on user pairing
With FHS, the first set of users (users in non-MUROS mode and users of the first sub-channel) are assigned fixed MAIOs, whilst the second set of users (users of the second sub-channel) use an additional hopping sequence to hop between MAIOs of the first set of users. By random pairing of MUROS users, frequency diversity is improved compared with existing GSM frequency hopping. But on the other hand, random pairing may also cause similar problems as the above naive user pairing policy. For example, a user who is in the first set may be at the cell boundary, and is totally unfit to be paired with other users, regardless of their radio conditions. With existing GSM frequency hopping, the user is not affected by other users, and the overall call quality is basically acceptable. But with FHS, the user is randomly affected by other users, and the overall call quality is deteriorated.
One possible solution would be to divide the MAIOs in a cell into two groups: one group for the users at cell boundary, the other group for all other users. Since the users performing MAIO hopping never hop into the MAIOs used by the users at the cell boundary, the latter ones are never paired with other users, and the system performance is improved. However, a new question is raised on how to balance the MAIOs allocated for the two groups, since the voice traffic in these groups varies over time.
The other diversity scheme, UDS, achieves diversity by regularly pairing four users allocated on the four sub-channels of a timeslot created by making two HR sub-channels in MUROS mode. UDS avoids to a certain extent the problem of FHS in carrier frequency domain, but introduces another problem in time domain. It is well known that the power levels of two HR sub-channels are independently controlled, and may be very different. But with UDS, users on different HR sub-channels will be continually paired together. For example, user 1 and user 2 are allocated on the first HR sub-channel; user 3 and user 4 are allocated on the second HR sub-channel. By channel mode adaptation without UDS, the first two users have similar radio conditions, which may be very different to the last two users. But if user 1 is regularly paired with user 3 or user 4, as required by UDS, the same problem as is faced by FHS may also occur.
In [5], an optimized solution for UDS was proposed, but the concerns on user pairing still exist.

3 Power control
One of the major concerns at the RRM level for MUROS is to minimize the interaction effects of the two paired users on the same timeslot. User pairing is the precondition to achieve this goal. Another important step is to utilize joint power control both in downlink and uplink to lower the total power levels of both sub-channels and at the same time maintain good call qualities. As mentioned above, in the case of FHS or UDS, user pairing is randomized, thus the precondition of optimal power control is broken. For example, with OSC, the downlink power is equally divided by two sub-channels, so actual transmitted power has to be adjusted by fulfilling the requirements of the weaker sub-channel. If two paired users have very different radio conditions, the one with good radio conditions will have a power level much higher than necessary.
With FHS, one additional challenge would be how to generate reasonable measurement reports. Note that frequency hopping occurs on a per frame basis, and that measurement reports of an MS are sent every 104 frames. For a specific user, if the corresponding paired user changes every frame, the actual meaning of the mean value of power level in the measurement report over 104 frames will be doubtful. Furthermore, joint power control requires that measurement reports of the two paired users be performed continuously so that the radio conditions of both users are tracked by the network. If a user is randomly paired with other users, it will be very difficult to carry out joint power control. For example, an uplink power control command sent on frame X will not be received by the MS until frame X+104. But during this period of time the pairing relation of that MS has been changed for many times. It is definitely not possible to take so many pairs into account in one single power control command.
In [6], an adaptive modulation scheme in the downlink called α-QPSK was suggested. With α-QPSK, the downlink power ratio of the two paired users can be dynamically adjusted by varying the parameter α. It is believed that α-QPSK provides more flexibility to power control in the DL. But the α-QPSK concept has the same problems when applying FHS. There exists an α for every pair of users, so how to adjust so many α values during a PC period is also a problem similar to the power level adjustment in non α-QPSK case.
4 Conclusion
In this contribution, the impacts of current diversity schemes for MUROS (i.e., frequency hopping and user diversity) are discussed. Several concerns at the RRM level on applying these diversity schemes are raised. It is proposed to give more researches and discussions on diversity schemes for MUROS, so that the link level gains of MUROS can be reflected on actual system performance as much as possible.
5 References
[1] GP-072033, "WID: Multi-User Reusing-One-Slot (MUROS)", Source China Mobile, Ericsson, Nokia Siemens Networks, Nokia, Nortel Networks, NXP, Qualcomm, Telecom Italia, Vodafone.
[2] GP-080636, "Frequency Hopping Schemes for MUROS", source Ericsson.
[3] GP-080170, "User Diversity with Orthogonal Sub Channels", source Nokia, Nokia Siemens Networks.
[4] GP-080658, Draft TR "Circuit Switched Voice Capacity Evolution for GSM/EDGE Radio Access Network (GERAN)".
[5] "Optimized User Diversity Patterns for OSC", Source Nokia Siemens Networks
[6] GP-080114, "Adaptive Symbol Constellation for MUROS (Downlink)", Source Ericsson.



























































































































































































































































































































































































































































































































1
1

