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1
Introduction

At WG2#58 it was agreed that it should be possible for UEs to perform feedback of CQI and/ or transport block ACK/NACK for single-cell ptm MBMS transmission. When combined with a retransmission mechanism for NACK data, it was expected that reception quality similar to that of ptp transmission could be achieved. This Tdoc seeks to clarify how the admission/ removal of UEs from feedback could be implemented and provides some simulation results indicating the improvements to BLER that can be achieved if feedback is enabled.

2
Discussion

In order to enable the removal of the ptp transmission mode from the LTE MBMS concept, it was agreed at WG2#58 that UEs would be able to perform feedback of CQI and transport block ACK/NACK when receiving single-cell MBMS ptm transmissions. The feedback of NACK reports will be used to trigger retransmissions on the DL-SCH, which are available to all UEs; CQI reports can be used to optimise modulation and coding. At WG2#58bis it was decided that UEs that take part in feedback should be in RRC connected state.

No discussion has taken place regarding which UEs should take part in this feedback.

One simple approach to managing the feedback group would be to require that all UEs that are receiving the service should make feedback reports or in the case that the number of UEs is large and the benefit of feedback is likely to be low, none of the UEs would send feedback.

However, in our view having all UEs configured to send feedback could result in unnecessary use of uplink resources, particularly where large numbers of UEs are present in a cell, because it could be sufficient that a sub-set of UEs, specifically those on the cell edge or in poor radio conditions would provide feedback.  Consequently, it is proposed here that it should be possible for implementations to configure which UEs within a cell should take part in feedback. 

2.1 
Simulation results for feedback

As explained above, having only a subset of UEs participating in the feedback has the advantage of avoiding unnecessary uplink signaling (CQI), since the transport format will anyway always be set according to the UEs in the worst radio conditions. However, there may seem to be a slight risk that some of the UEs not participating in the feedback would still not get all data through because they lack the possibility of requesting a retransmission (NACK). To this issue, we note that still the probability of NACK is much higher for the UEs actually participating in the feedback, and since the retransmissions are scheduled on common resources, all UEs will anyway get the retransmissions. To show that this is not a problem, system-level simulations have been run to see the effect of reduced feedback group to the overall system performance.

Figures 1 and 2 illustrate simulated average residual BLER for the cases of ten and thirty UEs present in a cell as a function of the number of UEs reporting CQI and ACK/NACK. The UEs participating in the feedback are those that have the highest path loss - the effects of delay in changing the UEs that have the lowest path loss have not been modelled.  All UEs receive the retransmissions.  The eNB attempts to optimise the modulation and coding to balance throughput and residual errors. The results show e.g. that there are significant reductions in average BLER until four or so UEs are engaged in feedback but increasing the number above four does not bring large improvement in either of the simulated cases.
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Figure 1: Residual average BLER with ten UEs present in the cell

[image: image2.emf]0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Average BLER

CDF

Average BLER

 

 

30-1,mean = 0.0655

30-2,mean = 0.03617

30-3,mean = 0.0167

30-4,mean = 0.01708

30-6,mean = 0.01599

30-8,mean = 0.02196

30-10,mean = 0.01637

30-15,mean = 0.01496

30-30,mean = 0.01015


Figure 2: Residual average BLER with thirty UEs present in the cell

2.2 Requirements for implementing feedback

It is proposed here that the mechanism by which feedback should be implemented should be constructed around the configuring of measurement reporting in UEs that are in RRC connected state, i.e. the signalling associated with configuring/ releasing of feedback would be essentially independent of that used to place and remove UEs from RRC connected state. This would allow an eNB to independently manage the retaining of UEs in RRC connected state or releasing them to Idle state from managing the numbers of UEs, and which UEs are performing feedback.  It is suggested that to enable this, signalling will be required that enables:

1. eNB to move UEs from RRC idle state to RRC connected state when they are to receive a particular MBMS service by way of single-cell ptm with feedback.

2. eNB to be informed that UEs that are in RRC connected state are receiving/ stopping receiving the particular MBMS service.

3. eNB to configure UEs to send MBMS feedback reports and also to configure UEs that are not engaged in feedback to make a measurement report if certain parameters e.g. CQI or pathloss indicate that they might need to engage in feedback.

The assumption here is that only UEs that are in RRC connected can be moved in and out of feedback rather than UEs that are in RRC idle state.  It is further assumed that CQI reporting is made on UE dedicated resources, similarly to unicast. Ack/Nack signalling could be made on common resources as proposed in [2].

It is proposed that the methods used to move UEs that require the particular MBMS service to RRC connected state would be:

a. Counting/ recounting: At session start UEs could be moved to RRC connected state via the counting mechanism. If it is intended to introduce feedback whilst the service is in progress then recounting can be used to move UEs to connected state.

b. Indication on MCCH: MCCH could indicate that UEs receiving the service should transition to RRC_Connected state. This could act as a trigger to UEs that enter the cell or activate the service after session start. It could also act as a means for starting feedback where a service is already in progress.

It is assumed that the eNB would release UEs that are in RRC connected state solely for MBMS reception purposes back to RRC idle state, for example if feedback were abandoned, by dedicated signalling in the normal way. Group release via MCCH could be an alternative but it is not proposed here. 

It is thought that the combination of a counting mechanism and MCCH indication will be sufficient to control the moving of UEs from RRC_Idle to RRC_Connected either at session start or whilst a session is being transmitted. This would allow a network to abandon and restart feedback if the numbers of UEs in the cell varies with time. The fact that a UE is required to be in RRC_Connected state need not prevent the UE receiving the service prior to the change of state if it is already being transmitted in the cell.

The eNB must know which UEs are receiving the particular MBMS service and when they stop receiving it otherwise it will not know which UEs to configure for measurement reporting. Reporting can be event triggered, i.e. the UE can report when it starts or stops receiving the service, or enters the cell whilst receiving the service. MCCH can indicate the services for which reception status reporting applies. An RRC signalling message will need to be defined to enable reception status reporting. The requirement to be able to report MBMS service reception status is linked to the service continuity requirements agreed at WG2#60 [3].

c.
UEs that are in RRC connected state should be able to indicate by RRC signalling on DCCH to eNB that they are/ are not receiving a particular MBMS service.

This implies a UE specific MBMS context in the eNB, which raises questions relating to whether the context should be forwarded as part of handover or the UE makes an indication in each cell that it enters. This relates to the service continuity topic and is not addressed here.

To enable the eNB to control a UEs participation in a feedback group based on radio conditions, it is proposed that two MBMS measurement control procedures will be required:

d. A measurement configuration procedure to instruct/ release a UE from making CQI reports and/or ACK/NACK reports. The configuration procedure could assign to the UE uplink radio resources necessary to make the reports.

e. A measurement configuration procedure to instruct/ release a UE from making an event triggered measurement report indicating that a radio measurement has crossed a threshold, for example pathloss or BLER.

Both procedures would be conveyed to the UE by dedicated signalling. The first enables the eNB to selectively add and remove UEs from the set performing feedback. The second enables a UE to monitor its radio condition and report if it detects that it is sufficiently degraded. The eNB can then decide whether to add it to the feedback group. By this means the eNB would be able to limit the number of UEs performing feedback whilst attempting to select those that have the worst radio conditions. The measurement control procedures could be applied to any UE that is in RRC connected state and for which the eNB is aware that the UE is receiving the MBMS service, regardless of whether it is in RRC connected state for MBMS or non-MBMS reasons.

3
Conclusions

Some simulation results relating to the change in residual BLER for single-cell ptm MBMS transmissions as a function of the number of UEs that are taking part in feedback have been shown. Furthermore, procedures that it is thought are necessary to allow implementation of feedback have been identified. Procedures are required that enable:

1. eNB to move UEs from RRC idle state to RRC connected state when they are to receive a particular MBMS service by way of single-cell ptm with feedback.

2. eNB to be informed that UEs that are in RRC connected state are receiving/ stopping receiving the particular MBMS service.

3. eNB to configure a UEs to make MBMS feedback reports of CQI and/or ACK/NACK and also configure UEs that are not engaged in feedback to make a measurement report if certain parameters, e.g. CQI or pathloss, indicate that they might need to engage in feedback.

It is requested that RAN2 discuss whether the way in which MBMS feedback is implemented will require the procedures identified and if so that they be captured in [1].
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