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1 Introduction

One of the main objectives of the approved WI [1] is to come up with a codec mode/rate selection and adaptation solution details. Based on the agreement from the last meeting [2], it is already clear how the eNB provides the recommended bit rate to the UE based on the Way Forward agreement [3]; however, it is not yet clear how and if the UE should provide feedback to the eNB as part of the RAN-assisted codec rate adaptation. This contribution discusses some of the necessities for such feedback as well as some potential solutions.

2 Current assumptions 
Based on the TR [4], the following description was captured based on the conclusion of the SI phase:

The bit rate recommendation retrieval in Step 5 of the use case in 5.3.2.3 and Step 6 of the use case 5.3.2.4 uses the MAC Control Element as a combination of a UE UL or DL bit rate query and a corresponding eNB bit rate recommendation as outlined in Figure 5.4.3-1.
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Figure 5.4.3-1: UE UL or DL bitrate query and a corresponding eNB bitrate recommendation
However, it has not been considered in further detail the usefulness of the UL/DL rate query.  In the sections below, we considered some aspects where this UL/DL rate query would be beneficial for the eNB to provide the proper bitrate recommendation.  
2.1 UE’s rate query
Based on the Stage 2 description in the work item phase, it is already concluded that:

“…e.g. the UE may send a rate request to the peer UE via application layer messages as specified in [xx], which the peer UE may use in combination with other information (e.g. session negotiation parameters, MBR and/or GBR for the remote access, other rate request sent to the peer UE, etc.) to adapt the codec bit rate” 
So when the peer UE receives a SDP negotiation in the application layer, it would need to decide whether the rate request is acceptable.  Then it should at least be an option for the peer UE to determine whether its serving eNB can also provide the rate increase/decrease needed to support the rate request from the other UE. Without any feedback from the peer UE, its serving eNB would not know that a rate change is expected. If the eNB cannot be informed of the rate change, it is questionable how well the RAN codec bitrate adaptation can really work if the recommended bitrate can only be applied to one UE. 
Observation 1: If the peer UE does not provide any feedback to its serving eNB, the serving eNB would not know that a rate change request has been received by the peer UE.

Assuming the UE (or peer UE) is allowed to provide feedback to its serving eNB of the request for bitrate change, it should be considered what information should be conveyed to its serving eNB.  Two options may be considered:
· Option 1: The UE indicates in the feedback a request to increase or decrease the UL or DL bitrate. 
· Option 2: The UE provides a specific rate request to its serving eNB for either the UL or DL.
With Option 1, the UE only provides an indication to the eNB that a rate increase or decrease for the specific link is needed and simply allows the eNB to consider the extent of the rate increase/decrease based on the UE’s query.  For the case of rate increase the eNB would likely determine the highest bitrate that may be allocated to the UE.  Also for the case the UE’s query is for a rate decrease, it would be useful for the eNB to understand the reduction of resource so that the eNB’s recommended bitrate can be configured accordingly.  

With Option 2, the UE provides are more concrete request to the eNB by including the specific rate request based on the rate negotiation request from the other UE. The rate request will come in the form of a bitrate rather than codec rate since it is assumed that the eNB’s is codec agnostic.  The main benefit of Option 2 is to allow the eNB to know how much of a bitrate increase (or decrease) has been requested so that the eNB would not need to provide any more resources than what is needed and eNB’s recommended bit rate will not likely trigger an SDP re-negotiation of the session.
Proposal 1:
RAN2 should adopt Option 2 as the mechanism for UE’s rate query. 
If Proposal 1 is agreeable, it should also be considered how often the UE is allowed to send the rate query.  Although the intended use of this rate query is due to the SDP negotiation triggered by the peer UE, there may be other reasons for the UE to send the rate query as suggested in [5].  Also based on the LS from SA4 [6], it is suggested that the UE may not adjust the codec bit rate in response to the eNB recommended bit rate (case 3) or the UE may ignore the eNB’s recommended bitrate (case 4). And depending on the application layer, this may further trigger rate query from the UE. Two options may be considered for this:

· Option a: Introduce a prohibit timer to limit the frequency of UE’s rate query. 

· Option b: The UE is only allowed to send a bitrate query if the delta between the current bitrate and the desired bitrate exceeds a configured bitrate threshold.

Proposal 2:
RAN2 should consider how to limit the UE from frequent bitrate query.
If Proposal 1 is agreeable, RAN2 should also consider whether or not there needs to be a means for the eNB to reject the bitrate query.  In principle, the eNB should always have a means to control the bitrate that it can provide from RAN’s perspective, but the existing mechanism can already provide the necessary means for a rejection without a need for a rejection message.  Rather than a rejection message the eNB could simply provide a recommended bitrate as a response the UE’s bitrate query and the recommended bitrate is not required to match the bitrate query. 
Observation 2:
Since the eNB is not required to recommend the same bitrate as in the UE’s bitrate query, there is no need to have an explicit reject message.  

2.2 Radio Condition feedback
As suggested in the TR [4], the initiation of the rate adaptation may be due to changes in the radio condition.  In contrast to the case of NW congestion, the eNB will need to know the radio condition of the UE to determine the recommended bit rate. However, it is not yet clear how the radio condition is taken into account for the initiation of codec rate changes as it wasn’t discussed in any detail during the SI phase.  Several options may be considered:

Alt 1.  Use existing available mechanism for measurement reporting.

Alt 2.  Define new event trigger(s) for measurement reporting.

Alt 3.  A set of bitrates corresponding to a list of radio conditions may be provided by dedicated signalling or broadcast with bitrate reporting.
Alt 4.  UE reports radio condition when the targeted BLER exceeds or falls below a configured thresholds.

With Alt 1, if the eNB may continue to use the existing mechanism for reporting mechanism, then it will be necessary for the eNB to configure periodic reporting of radio conditions since the existing event triggered reporting are meant for handover/aggregation scenarios. However, since one of the design principles from the SI phase according to section 5.2 of the TR [4] is to take RAN resource efficiency into account, so the use of periodical measurement reporting may not be desirable.

With Alt 2, new event trigger(s) may be defined for codec rate adaptation.  Different events may need to be configured for the different codec rates.  It is questionable whether such extensive event triggering mechanism is needed just to implement codec rate adaptation. 

With Alt 3, the mapping relationship may be based on the codec rates and the corresponding channel conditions via system information as described in [7] or by dedicated signalling [8].  With this alternative, there is no requirement for the UE to send measurement report to the eNB and signalling resources may be reduced.  Since the channel condition of the peer UE must be taken into account after codec rate negotiation, the final codec rate selected will be based on the lesser of the two bit rate mappings.  Although there are savings in terms of measurement reporting, the eNB will not know what recommended bit rate the UE is actually using or how many of the UEs are using a particular bitrate since the eNB may not know the distribution of UEs belonging to different RSRP levels. Uplink resources may not even be available to the UE even if the UE decided a higher bitrate is selected. Therefore, one possibility would be to allow the UE to provide a feedback to the eNB on the bitrate change due to the change in radio condition.  In particular, the bitrate change may be reported to the eNB via UE’s rate query from Proposal 1.
With Alt 4, the UE may use the target BLER for each of the EVS codec rates according to Table 7.1.2-1 of the TR [4].  If the BLER were to exceed or falls below the target BLER by a configured threshold(s), the UE will report the BLER and its radio condition to the eNB.  In case the BLER falls below the configured threshold, the UE also has the option to refrain from measurement reporting in case the peer UE’s condition is not as favourable.

Among the alternatives considered, Alt 3 or Alt 4 will offer sufficient benefits with manageable complexities.

Proposal 3:
RAN2 should consider if Alt 3 or Alt 4 will provide sufficient flexibility for the eNB to modify the recommended bitrate based on changing radio conditions. 
2.3 Feedback of the codec rate selection
So far it has been assumed that the recommended bit rate to the UE will be used as one of the inputs to adapt the codec bit rate with the peer UE in the application layer.  Since the congestion and radio conditions at the peer UE’s NW are different it is likely that the negotiated codec rate may be substantially lower than the recommended bit rate.  The negotiated codec rate should also be available at the eNB. With this information the eNB would be able to use the unusable resource for other UEs. Also, this can also prevent unnecessary signaling in the future if the eNB decides to change the recommended bit rate to a lower value when the UE is already operating at the lower value, i.e., the recommended rate decrease may actually be a recommended rate increase to the UE. 
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Proposal 4:
The UE should report the negotiated codec rate to the eNB in the form of a bitrate.
3 Conclusion
This contribution discusses the feedback aspects associated with the RAN assisted codec rate adaptation, including the UE’s bitrate query, mobility considerations and the confirmation of codec rate negotiated. We have the following observation and proposals.
Observation 1: If the peer UE does not provide any feedback to its serving eNB, the serving eNB would not know that a rate change request has been received by the peer UE.

Proposal 1:
RAN2 should adopt Option 2 as the mechanism for UE’s rate query.
Proposal 2:
RAN2 should consider how to limit the UE from frequent bitrate query. 

Observation 2: Since the eNB is not required to recommend the same bitrate as in the UE’s bitrate query, there is no need to have an explicit reject message.
Proposal 3:
RAN2 should consider if Alt 3 or Alt 4 will provide sufficient flexibility for the eNB to modify the recommended bitrate based on changing radio conditions.

Proposal 4:
The UE should report the negotiated codec rate to the eNB in the form of a bitrate.
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