3GPP TSG-RAN WG2 meeting #37




R2-040513
February 16th – 20th, 2004
Malaga, Spain
Agenda item:
10.2.1
Source: 
Qualcomm

Title: 
Impact of DTX for MBMS
Document for:

Discussion, Decision

1.
Introduction
Ever since the introduction of the concept of MBMS in 3GPP, the RAN group assumption has been that FACH over S-CCPCH would be used to deliver content in PTM. The S-CCPCH is a downlink only, fixed spreading factor physical channel. It allows the use of slow power control and rate-selection at frame by frame basis (using either TFCI or BTFD). 
As per the downlink DPCH, when the rate is lower than the maximum, the SF of the S-CCPCH will not change. The same number of modulation symbols will be produced per information bit. These would be transmitted at the same power as in the full-rate case. The missing symbols would be DTXed. 
In this document we examine potential problems with this setup and propose alternatives for mitigating them or eliminating them altogether. 

2.
Potential problems from DTX
Overview of R’99 DTX scheme

In order to give more even interference distribution characteristics, DTXed symbols are not grouped together in the same part of the frame. Instead they are evenly distributed at the end of each slot. For example, below we provide an illustration for the case where an S-CCPCH carrying a 10ms FACH is transmitting a TFC carrying 1/3 of the maximum number of information bits.

[image: image1]
As can be seen, the power is set to the maximum value during the first third of each slot and is then DTXed during the rest. 
Of course, the same scheme is used for downlink R’99 common and dedicated channels. The main difference with respect to the MBMS channel is that these channels use on the average significantly less power. Therefore, it is possible by offsetting the frame offsets allocated to different users to ensure that these discontinuities are averaged out. According to the analysis from RAN WG1 (see [1]), an MBMS channel delivering a 64kbps service would require as much as 30% of the cell power.
Resource Utilization

The first area where this DTX scheme is detrimental is effective resource utilization. Indeed, when the data-rate of the MBMS channel is below the maximum it would be desirable to be able to re-allocate the power to other channels, so as to boost cell capacity.

This could be done in two ways. One would be to re-allocate this power to dedicated channels. This could be achieved by biasing the frame offsets allocated to dedicated channels so as to increase the likelihood that they use power in the portion of the frame during which the MBMS S-CCPCH is most likely to be DTXed. The problem is that unless the frame offsets of these users could be modified very quickly, such a bias would lead to reduced capacity when the MBMS channel transmits at full power.
The other alternative would be to use this power for shared data channels, i.e. either the DSCH or the HS-DSCH. These could be used to pick up the slack when no data is sent at all on the MBMS channel. The problem is that neither of these channels uses DTX. Both of them require that the power allocated during a slot is constant. It might be possible to boost the power during a fraction of a slot, but its benefits would be doubtful and could even lead to some un-desirable side-effects (e.g. problems with traffic to pilot estimation for the purpose of 16QAM de-modulation for HS-PDSCH). Therefore, these channels cannot be relied upon for frames where data is sent on the MBMS channel.
Interference variation
In theory, the DTX periods on the MBMS channels would help system capacity by reducing the interference on neighbouring cells. However, in the case of MBMS, the gating of such a large fraction of the cell-power could lead to un-wanted interference variations which could potentially affect the dedicated channel inner-loop power control and de-coding performance.
In order to limit these variations it might be necessary to transmit OCNS during the DTX portion of the slot, thus negating any benefit on system capacity arising from the interference reduction.
3.
Solutions
3.1
Restrict use of variable rate

As mentioned above, the DSCH and HS-DSCH can be used to re-use MBMS power (and in the case of HSDPA codes) when no data is sent at all on the MBMS channel. And of course when transmitting at full power there would be no MBMS resources to recover. Therefore, the question of resource utilization only arises for data-rates between these two extremes. 
A simple solution would be to not make use of fast data-rate variations. 
Slow variations could be applied by changing the MBMS channel’s spreading factor using MCCH signalling. Note however that depending on the final MCCH notification mechanism, such re-configurations could be quite slow in addition to increasing the signalling load. Also, given UE capability limitations, some users (e.g. in CELL_FACH) may need to interrupt the reception of the MTCH in order to receive the MCCH. Therefore, the number of such changes would still need to be kept at a minimum.
For short term data-rate variations, it would be possible to take advantage of the delay tolerance of MBMS services to accumulate data until it is sufficient to fill an entire transmission at the maximum data-rate. The problem is that even though MBMS applications are expected to have a large delay tolerance, transmissions cannot be delayed indefinitely. This is especially applicable for streaming services which constitute one of the primary application categories that need to be supported. 
Avoiding the use of variable rate would be even more complicated in the case where multiple streams are multiplexed onto the same S-CCPCH. Indeed, in that case, even the combination of constant bit-rate applications (which are currently the most common) would lead to a variable rate source. Consider for example the case of a high-rate video application multiplexed together with a low delay tolerance text service. While video is not available, the transmission of low data-rate text would end up using up all the resources allocated for MBMS.
Despite these problems, multiplexing multiple applications on the same S-CCPCH is highly desirable as it would allow UEs to receive multiple MBMS services in parallel without increasing their complexity. Otherwise, they would need to increase the number of S-CCPCHs they are able to decode at the same time.

3.2
Use a physical channel that supports variable SF
Another alternative would be to modify the physical channel used for MBMS in order to support variable rate transmission through variable spreading factor. This solution was already adopted in the case of the DSCH, which showed similar characteristics (e.g. high power allocation). This would allow to keep the power used by the MBMS channel constant over the entire frame, while reducing commensurably to the data-rate reduction. The left-over power (and in the case of HS-DSCH codes) could be re-used for DSCH and HS-DSCH transmissions.
The problem with variable SF would be the handling of the TFCI and dedicated pilot information. One possibility would be to use a similar design as that used for the DSCH, e.g. using the TFCI from another channel in split mode. Since in this case there is no associated DPCH it would be possible to define an associated S-CCPCH, e.g. the S-CCPCH carrying the MCCH. This would even reduce the UE complexity for receiving these two physical channels in parallel.
4.
Proposal
It is proposed for the group to evaluate the impact of the use of DTX to support variable-rate transmissions in the context of MBMS. If the impact of DTX on resource utilization and on interference variation are not seen as significant, or if the “fast” change in transmission rate is not seen as essential, then the group does not need to do anything. If however this is not the case, then it would be worthwhile examining alternative schemes for supporting it at the physical channel level.
If it is decided to change the physical channel used for MBMS in order to better support variable MBMS service data-rates, then it is proposed to examine the possibility of precluding the use of multiple MTCH S-CCPCHs in the context of Rel-6. Indeed, this would eliminate some of the flexibility that RAN WG2 is currently called to contend with. The only remaining reason for maintaining this concept would be the handling of UEs with limited capabilities (e.g. the reception of a lower SF). However, the UE capability limitations currently being discussed are linked to de-coding power rather than buffering. As long as the number of blocks the UE needs to de-code in a single TTI is not exceeded, putting multiple services on the same S-CCPCH should not be much different from putting them on different ones from the UE capability point of view. 

Using a single S-CCPCH would ensure that all UEs are able to receive any combination of services that does not exceed their de-coding capabilities and would therefore simplify both the MBMS service deployment and the user reception decisions.
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