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1 Introduction

During RAN2#96, it was agreed that the UE may send a query message to its local eNB to check if the recommended bit rate can be provided and a prohibit timer can be configured by the network to limit UEs sending frequent query messages. This contribution discusses further details of these mechanisms, including the triggering of the bitrate query, the contents of the bitrate query and the condition under which the prohibit timer is applicable.  

2 Triggering of bitrate query   
Based on the current Stage 2 [1] “based on the recommended bitrate from another eNB, a UE may initiate an end-to-end rate adaptation negotiation with the peer UE. The peer UE may send a query message to its local eNB to check if the recommended bit rate can be provided”. This was based on the agreements reach in RAN2#96:

Agreements

1
Introduce a rate recommendation query message from the UE to the eNB with a MAC CE introduced for bit rate recommendation message from the eNB to the UE. FFS on avoiding ping-pong between UE and eNB. In this case UE should not go beyond the recommendation bitrate from eNB. Whether to use MAC CE for this message can be revisited if necessary.

2
Introduce a prohibited timer in UE side to avoid ping-pong.

3
The trigger for querying is FFS.
4
FFS: Whether this MAC CE will trigger scheduling request.
As indicated in Agreement 3 above other needs for triggering bitrate query should are still left as FFS.  In our view conditions of particular interest include:

Condition 1. Changes to the UE’s radio condition.

Condition 2. The recommended bitrate provided by the eNB falls below the session GBR.
2.1 Bitrate query due to changes in radio condition
With regards to Condition 1, it is suggested in the TR [2] that the initiation of the rate adaptation may be due to changes in the radio condition.  For example, if the UE begins to experience poor radio condition the request for lowered rate may require that the eNB reconfigures the MCS accordingly. One of the existing mechanisms is for the eNB to configure CQI reporting take into account of radio condition.  With periodical CQI, the overhead is excessive esp. for supporting VoLTE and ViLTE calls. With aperiodic CQI the need for CQI reports is dependent on eNB configuration. Even if the existing CQI mechanism is reusable, it should be considered if it is desirable to use the existing CQI mechanism in conjunction with the Recommended Bit Rate since the eNB may always allocate more resources to the UE under difficult radio conditions to keep the existing bitrate.  Since the eNB is also considered to be codec agnostic, it is also not clear if the eNB really knows which bitrate is acceptable to the UE and whether changes to the recommended bitrate is necessary or desirable under changing radio conditions.  Another possibility would be to reuse the existing measurement reporting mechanism, but the existing reporting triggers are not meant to support changes in bitrate due to changes in radio condition.  
Proposal 1:
RAN2 should decide whether the existing mechanisms, CQI or measurement reporting, should be reused to trigger bitrate query due to changes in UE’s radio condition.  
If it is not expected for the eNB to configure CQI and/or as a trigger for sending/updating Recommended Bitrate due to changes in radio condition, then it could be considered whether the bitrate query message can be triggered for this purpose instead. It should be clarified that currently there are no provisions that prevent the UE from sending a rate request other than the Prohibit timer so in principle the UE could already send the request if the radio condition improved or deteriorated significantly [1] [3].  However our preference would be for the UE to trigger bitrate query due to radio condition only when it is really needed, rather than to just control the frequency of requests based only on the Prohibit timer.  

Observation 1:
Currently the UE is not prevented from sending a bitrate query due to changes in radio condition.   
Before RAN2 can decide whether the bitrate query should be sent based on changes in radio conditions, we should first consider the complexity and candidate solutions for such a trigger. And it should be kept in mind that the triggering of bitrate query for this scenario is mainly for the support of DL bitrate query.  Below are three choices that may be considered:

Option 1. The UE may perform measurements and trigger bitrate query based on configured RSRP threshold(s).
Option 2. The UE may perform BLER measurements and trigger bitrate query based on eNB configured BLER threshold(s).
Option 3. The UE may perform PLR measurements and trigger bitrate query based on application layer requirements.

With the first option, the triggering is not much different from the Event triggering for existing measurement report except the threshold may be defined as relative threshold rather than absolute thresholds since the need for measurement reports are different from the handover scenarios.  However, there may be significant changes needed in the specification to define the new event(s) and it may not be simple for the NW to determine the appropriate threshold(s) for these new events.  Although periodic measurements may be another option, considering the design principles from the SI phase according to section 5.2 of the TR [2] is to take RAN resource efficiency into account, the use of periodical measurement reporting may not be desirable.

With option 2, the UE would send the bitrate query if the measured BLER exceeds or falls below eNB’s configured BLER thresholds, while Option 3 is similar to Option 2, but uses the PLR that can be calculated at the UE from the application layer, similar to the PLR-triggered rate adaptation mechanism [4].  The threshold used to trigger the bitrate query will be application dependent (e.g., the application will determine whether the radio condition is changed sufficiently enough to require a change in bitrate). Although, Options 2 and 3 are similar, they represent different levels of error rate calculation. The BLER is meant to measure ratio of the number of erroneous transport blocks received to the total number of transport blocks sent which is directly applicable from the air-interface perspective while the PLR is related to the packet errors for the application layer. Although both are potential candidates for triggering bitrate query one should really consider the purpose of the bitrate query. The bitrate query is certainly not meant to support for mobility enhancement from the air-interface perspective. It should however be a means for the UE to inform its serving cell the changes in bitrate needed from the application layer perspective, which could also include the degradation/improvement of the UE’s radio condition. Therefore, it should also be possible for the UE to signal rate request in case the packet errors (based on PLR) if the radio conditions changes significantly. Another advantage with Option 3 is that the UE may have the option for not sending the bitrate request in case the UE is already operating at the GBR, and further bitrate reduction is undesirable. 
Proposal 2:
The UE should be allowed to send bitrate query due to changes in radio conditions based on PLR measurements (Option 3). 
2.1.1 What to indicate in the bitrate query 
Assuming Proposal 2 is agreeable, RAN2 should also consider how the UE should signal the bitrate query if the cause of this query is due to changes in radio condition.  A few alternatives may be considered:
Alt 1. The UE may include a cause value which may be used to indicate the reason for the UE to send this query.

Alt 2. The UE only indicates the direction of the bitrate query, whether it is for a rate increase or decrease but not the actual bitrate.
Alt 3. The UE indicates the direction of the bitrate query; however, the direction is indicated by a combination of a cause value and a bitrate (i.e., a bitrate corresponding to an increase of decrease of the current bitrate).

With Alt 1, the UE will include a bitrate in the query, but also include a cause value to indicate that this query is sent due to the change in its radio condition. For example, if the UE is in poor radio condition, the request for lowered rate may require the eNB to reconfigure the MCS, while if the request for the lowered rate is due to peer UEs request on the DL, then the eNB could simply choose not to reconfigure MCS, keep the existing data rate and allocate the DL resources to the UE accordingly.  The cause value may for example use one of the reserved values in Table 6.1.3.X-1 of [5] to indicate that this is related to “radio condition change”.  
With Alt 2, the UE will only provide the direction of the bitrate query relative to the recommended bitrate previously sent to the UE.  Alt 2 will not require the UE to determine the appropriate bitrate to be included in the query so choice for increase or decrease of bitrate is up to the eNB to decide without further assistance from the UE.  
Alt 3 is essentially a combination of Alt 1 and Alt 2. A cause value is included which differentiates this bitrate query with other types of bitrate queries. And instead of adding a new IE to indicate direction (increase or decrease), the UE would simply pick a bitrate from the existing bitrate table [5] that would be greater than the bitrate previously provided by the eNB via the bitrate recommendation for an increase (and similarly for a decrease bitrate query).

In comparison, we believe either Alt 2 or Alt 3 should work well since it doesn’t require the UE to determine the proper mappings between radio conditions and bitrates. Also since the amount of resources available is determined by the eNB’s scheduler, it would not be appropriate for the UE to take this into account for the bitrate query. 
Proposal 3:
UE should include in the bitrate query an indication for the increase or decrease in bitrate due to radio condition changes (with either Alt 2 or Alt 3).
One potential drawback with either Alt 2 or Alt 3 is the likelihood that multiple bitrate queries may be needed in case the changes in case the radio condition changes significantly. With only an indication of the direction of bitrate query the eNB may not know the degree of bitrate change that may be needed. This condition is exacerbated due to the Prohibit timer since the UE will not be allowed to send another bitrate query until after the timer expiry. One possibility would be for the UE to include the measured PLR in the bitrate request.
Proposal 4:
RAN2 should consider whether the UE should be allowed to include the PLR within the bitrate recommendation request.         
2.2 Bitrate query triggering and Prohibit timer

Based on the latest Stage 2 text [1] and the agreement from the last meeting, it is stated that:
“Prohibit timer can be configured by the network to limit UEs sending frequent query messages”

Considering the above understanding, it should be already clear that the Prohibit timer should be started or reset whenever the UE sends a bitrate query therefore the following proposal should be captured in Stage 3:
Proposal 5:
The Prohibit timer should be started or reset after the UE sends the bitrate query. 
It is also worth noting that since the NW can send a recommended bitrate without first receiving a bitrate query it is possible that the Prohibit timer may not have started after the UE receives the recommended bitrate; therefore, it should be further discussed if the UE is allowed to send a bitrate query right after it receives a recommended bitrate from the NW, if the Prohibit timer is not running.  In our view there shouldn’t be any special provision to prevent the UE from sending a bitrate query just because the recommend bitrate is received before the UE has the opportunity to send a bitrate query.  So the UE should still be allowed to send a bitrate query as long as the Prohibit timer is not running, regardless if the UE receives a recommended bitrate.
Confirmation 1: The UE is still allowed to send a bitrate query as long as the Prohibit timer is not running, regardless if the UE receives a recommended bitrate.
With respect to the Condition 2 described in section 2 above on the UE behaviour when the bitrate falls below the session GBR, it has been point out in the SA4 LS [6] that:

· Case 4: The eNB recommended bit rate is ignored:

a) This may, for instance, be the case when a codec-level partial redundancy mode or RTP-level redundancy is already used to provide sufficient robustness to packet loss.

b) This may also be the case if the recommended rate is below the session GBR and session re-negotiation should be avoided, in the expectation that the poor transmission conditions will only be temporary.

and another follow-up SA4 LS [7] it is further stated that:

“…as a possible UE behaviour in response to a RAN-assisted codec adaptation message, it has been suggested that SIP/SDP re-negotiation of the session may be performed, for instance if the RAN-based DL/UL bitrate recommendations cannot be supported by any of the negotiated codecs.” 
The above LSs clearly suggested that it is undesirable for the eNB to recommend a bitrate below the session GBR based on the negotiated codecs, since this will trigger SIP/SDP re-negotiation. Since there is no requirement for the eNB to be aware of codec related information, the NW does not know if other codec functionalities such as partial redundancy or EVS channel aware mode are used and whether it is possible to temporarily recommend a bitrate below the session GBR.  As mentioned above in section 2, RAN2’s Stage 2 text also stated “Based on the recommended bitrate from an eNB, a UE may initiate an end-to-end negotiation with the peer UE, especially if the recommended bit rate is below the session GBR”.
It is clear from the SA4’s perspective that performing E2E re-negotiation with the peer UE should be avoided if possible.  Whether this may be considered a rare event is dependent on NW implementation, but without having the codec information, it isn’t clear that it is straightforward for the NW to avoid such a problem.  

Observation 2:
The NW may not know the consequences of recommending a bitrate below the session GBR esp. if the NW is codec agnostic.          
Considering Observation 2 and the likelihood of this to occur when the NW is congested, it should be considered if RAN2 should take further steps in preventing E2E re-negotiations.  Two approaches may be considered:

Sol 1. The UE will be allowed to stop the Prohibit timer (if running) if the UE needs to send a bitrate query after receiving a recommended bitrate that falls below the GBR bitrate.
Sol 2. The UE is allowed to stop the Prohibit timer (if running), if the received Recommended bitrate falls below the session GBR. 
Both Solutions 1 and 2 can work and the difference is when the UE is allowed to stop the Prohibit timer. With Solution 1, the UE doesn’t need to stop the timer unless the UE decides that a bitrate query is definitely needed.  While with Solution 2, the UE may stop the Prohibit timer as soon as the recommended bitrate is received.  We think procedurally it is much cleaner if the stopping of the timer occurs at the reception of the recommended bitrate while the bitrate query would be used to trigger the start or reset of the timer, which is consistent with Proposal 5. 
Proposal 6:
The UE should be allowed to stop the Prohibit timer when it receives a recommended bitrate below the session GBR (Sol 2).         
In case it is possible by implementation for the NW to prevent sending a recommended bitrate below the session GBR, the NW should indicate whether the UE should be allowed to stop the Prohibit timer under the exceptional condition in Proposal 6.   

Proposal 7:
The NW can decide whether the UE is allowed to stop the Prohibit timer when the recommended bitrate received is below the session GBR.  
3 Conclusion
This contribution discusses the triggers associated with the bitrate query. We have the following observations and proposals.
Proposal 1:
RAN2 should decide whether the existing mechanisms, CQI or measurement reporting, should be reused to trigger bitrate query due to changes in UE’s radio condition.  

Observation 1:
Currently the UE is not prevented from sending a bitrate query due to changes in radio condition.   
Proposal 2:
The UE should be allowed to send bitrate query due to changes in radio conditions based on PLR measurements (Option 3). 
Proposal 3:
UE should include in the bitrate query an indication for the increase or decrease in bitrate due to radio condition changes (with either Alt 1 or Alt 2).
Proposal 4:
RAN2 should consider whether the UE should be allowed to include the PLR within the bitrate recommendation request.        
Proposal 5:
The Prohibit timer should be started or reset after the UE sends the bitrate query.    
Confirmation 1: The UE is still allowed to send a bitrate query as long as the Prohibit timer is not running, regardless if the UE receives a recommended bitrate.
Observation 2:
The NW may not know the consequences of recommending a bitrate below the session GBR esp. if the NW is codec agnostic.
Proposal 6:
The UE should be allowed to stop the Prohibit timer when it receives a recommended bitrate below the session GBR (Sol 2).         
Proposal 7:
The NW can decide whether the UE is allowed to stop the Prohibit timer when the recommended bitrate received is below the session GBR.  
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