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	Second Change


4.2.2
UE-based Architecture

The UE-based solution relies on the fact that the information on the negotiated codecs and configurations (or codec modes) for the session is available in the UE through its knowledge of the SDP that contains the negotiated session parameters. Based on such information, the UE can derive the relevant robustness parameter (e.g. Maximum Packet Loss Rate) and signal this to the eNB. Such signaling from the UE to the eNB would have to be defined in the RAN, e.g. via use of RRC signaling to carry the robustness parameter information in TS 36.331 [R1] (the exact format of the signaling may be decided by RAN2). The derivation of the robustness parameter information based on the negotiated codec modes can be performed subject to a standardized mapping rule, e.g. with an indication of packet loss rate for each codec mode and calculation of the Maximum Packet Loss Rate based on the negotiated codec modes. The UE-based solution is depicted in Figure 4.2.

For the UE-based solution, one can observe that the UE (i.e., MTSI client) not only knows the negotiated codecs and configurations (or codec modes), but also the selected codec configuration or mode for the currently transmitted RTP stream, i.e., as determined via the outcome of the media adaptation in the UE. As such, the UE can determine the packet loss rate corresponding to the selected codec configuration and signal the relevant robustness parameter information (e.g. MaxPLR) to the eNB. Therefore, an indication at the SDP level via the 'adapt' parameter as described in Clause 7.2.1 is not necessary for the UE-based signaling solution, and an optimized SRVCC handover performance can be ensured without supporting the 'adapt' feature in the SDP and enforcing a particular adaptation behavior on the MTSI client in the UE. Moreover, depending on the change in the selected codec configuration or mode, the UE can dynamically update the eNB on the corresponding robustness parameter information, e.g. updated value for MaxPLR.
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Figure 4.2: UE-based solution to signal robustness information to eNB

	Third Change


8.2.2.4
Dynamic Allocation of UL PLR and DL PLR

The potential solutions documented in clauses 8.2.2.2 and 8.2.2.3 rely on fixed allocation of UL PLR and DL PLR across the eNBs. However, this may not always provide the most optimal results in adjusting the SRVCC handover thresholds. e.g. when one of the eNBs enjoys very good radio conditions it is unable to dynamically raise the packet loss rates that can be tolerated at the far-end eNB which would allow the far-end eNB to delay the SRVCC handover for the negotiated codec configurations. A more dynamic allocation policy on UL PLR and DL PLR that considers the local RAN conditions on both ends of the link may therefore allow realizing further optimizations on the SRVCC handover thresholds.

Considering Figure 8.1, UE_A can determine the maximum PLR it can tolerate based on its PLC and JBM implementation, i.e., max_e2e_PLR_A, and then decide how this should be distributed between eNB_A_DL_PLR and eNB_B_UL_PLR. In particular, UE A can decide on the value of eNB_A_DL_PLR based on the evaluation of the local downlink radio conditions between UE A and eNB A, and then determine eNB_B_UL_PLR by subtracting eNB_A_DL_PLR from the maximum end-to-end PLR at UE A (max_e2e_PLR). While UE A can signal eNB_A_DL_PLR to its eNB A locally over the RAN interface (e.g. via RRC signaling), it cannot signal eNB_B_UL_PLR to eNB B. UE-B may signal eNB_B_UL_PLR to eNB B, but it does not know eNB_B_UL_PLR value unless told by UE-A. To achieve the latter, UE A can use RTCP feedback or RTP header extension signaling to convey a recommended eNB_B_UL_PLR to UE B. UE B can then signal this information to eNB B locally over its RAN interface. Based on the evaluation of the local uplink radio conditions between UE B and eNB B, UE B may further update eNB_B_UL_PLR value and send this information to UE A via the use of RTCP feedback or RTP header extension messages. As such, both the MTSI receiver and MTSI sender have means to exchange UL PLR information, in order to dynamically optimize the allocation of DL PLR and UL PLR and this leads to the most optimal selection of the SRVCC handover thresholds on both ends of the link.

The potential advantage of this approach is the ability to dynamically allocate eNB_A_DL_PLR and eNB_B_UL_PLR depending on the local RAN conditions. For instance, if UE A observes that it enjoys good radio conditions to eNB A that would allow communication using the most robust codec mode with nearly negligible PLR, it may set eNB_B_UL_PLR to a value close to max_e2e_PLR_A, and essentially allocate the entire max_e2e_PLR_A for use over the eNB B's uplink toward realizing the best possible SRVCC handover threshold for eNB B in the uplink. Later on, if the local RAN conditions for UE A change, UE A may send another RTCP feedback or RTP header extension message to UE B to adjust the allocation of max_e2e_PLR_A across eNB_A_DL_PLR and eNB_B_UL_PLR. 
Another possible dynamic PLR allocation approach may be when UE A determines the maximum PLR it can tolerate based on its PLC and JBM implementation and then UE B learns this maximum PLR value during the SDP negotiations. As such, UE_B (as the media sender) may then decide how max_e2e_PLR_A should be distributed between eNB_A_DL_PLR and eNB_B_UL_PLR. In particular, UE B can decide on the value of eNB_B_UL_PLR based on the evaluation of the local uplink radio conditions between UE B and eNB B, and then determine eNB_A_DL_PLR by subtracting eNB_B_UL_PLR from the maximum end-to-end PLR (MaxPLR at UE A, i.e., max_e2e_PLR_A). Again, RTCP feedback or RTP header extension methods may be used in order to convey the information on eNB_A_DL_PLR from UE B to UE A. UE A can then signal this information to eNB A locally over its RAN interface.
It should be noted that the use of the dynamic PLR allocation approach described in this clause is not limited to situations where the UEs determine the maximum PLR they can tolerate based on their PLC and JBM implementations. It is also possible that the maximum end-to-end PLRs may be decided by the network (i.e., in the PCRF) as per the network-based architecture described in clause 4.2.1 and signalled to the UEs, e.g., via max_e2e_PLR signalling using the SDP. Following this, the UEs may determine and exchange DL PLR and UL PLR recommendations based on the monitoring of their local RAN conditions, leading to a dynamic allocation of DL PLR and UL PLR.  
To enable the dynamic allocation of UL PLR and DL PLR as described above, the following RTCP feedback message and RTP header extension signaling frameworks can be considered:

1)
A new RTCP feedback (FB) message type to carry uplink packet loss ratio (UL PLR) information during the RTP streaming of media (signaled from the MTSI receiver to the MTSI sender).

2)
A new SDP parameter on the RTCP-based ability to signal UL PLR information during the IMS/SIP based capability negotiations.

3)
A new RTP header extension type to signal for UL PLR information during the RTP streaming of media (signalled from the MTSI sender to the MTSI receiver).

4)
A new SDP parameter on the RTP-based ability to signal UL PLR information during the IMS/SIP based capability negotiations.

RTCP feedback messages signalled from the MTSI receiver to the MTSI sender may also carry UL PLR information for the reverse link. In this case, the use of RTP header extension messages may not be necessary.

RTP header extension messages signalled from the MTSI sender to the MTSI receiver may also carry UL PLR information for the reverse link. In this case, the use of RTCP feedback messages may not be necessary.   

Instead of the UL PLR information, it is also possible that the ratio between UL PLR and DL PLR may be carried in the above messages.
The signalling of UL PLR information may use RTCP feedback messages as specified in IETF RFC 4585 [R2]. As such, the RTCP feedback message is sent from the MTSI receiver to the MTSI sender to convey to the sender about the UL PLR information. The recipient of the RTCP feedback message may then convey this information to its eNB over the RAN interface, e.g. by using RRC signalling. 
The RTCP feedback message may be identified by PT (payload type) = PSFB (206) which refers to payload-specific feedback message. FMT (feedback message type) may be set to the value 'Y' for UL PLR information. The RTCP feedback method may involve signalling of UL PLR information in both of the immediate feedback and early RTCP modes.

The FCI (feedback control information) format can be as follows. The FCI may contain exactly one instance of the UL PLR information, composed of the following parameters:

-
UL PLR value ULPLR (16 bits)
It should be noted that this FCI format is for illustration purposes, and other formats can also be defined to convey UL PLR information. 

The FCI for the proposed RTCP feedback message can follow the following format:

 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|            ULPLR              |        zero padding          |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


The high byte may be followed by the low byte, where the low byte holds the least significant bits. 

It is also possible that, rather than signalling UL PLR values, the ratio between UL PLR and DL PLR values may be signalled in the RTCP feedback message, e.g. in the following format:

-
Ratio of UL PLR and DL PLR values UL_DL_PLR_Ratio – specified in (16 bits)

The FCI for the proposed RTCP feedback message can follow the following format:

 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|            UL_DL_PLR_Ratio    |         zero padding          |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

As yet another signalling option, it is also possible that the RTCP feedback messages may solely be used to convey the DL and UL PLR allocations for both sent and received RTP streams, e.g. with the following format:

-
Ratio of UL PLR and DL PLR values UL_DL_PLR_Ratio1 for the sent RTP stream, e.g.  from UE A to UE B– specified in (16 bits).
-
Ratio of UL PLR and DL PLR values UL_DL_PLR_Ratio2 for the received RTP stream, e.g. from UE B to UE A – specified in (16 bits).
The FCI for this RTCP feedback message can follow the following format:

 0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|            UL_DL_PLR_Ratio1   |      UL_DL_PLR_Ratio2         |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

In this setting where RTCP feedback messages contain DL and UL PLR allocations for both forward and reverse links, there would not be a need to use the RTP header extension messages, in order to signal UL PLR information from the MTSI sender to the MTSI receiver. This signalling option however relies on the presence of a bi-directional link, i.e., it would not work in case of sendonly or recvonly streams.

A 3GPP MTSI client (based on TS 26.114 [3]) supporting this RTCP feedback message can offer such capability in the SDP for all media streams containing video / audio. The offer can be made by including the a=rtcp-fb attribute in conjunction with the following parameter: 3gpp-ul-plr. A wildcard payload type ("*") may be used to indicate that the RTCP feedback attribute applies to all payload types. Here is an example usage of this attribute: 

a=rtcp-fb:* 3gpp-ul-plr

The ABNF for rtcp-fb-val corresponding to the feedback type "3gpp-ul-plr"can be given as follows:

rtcp-fb-val =/ "3gpp-ul-plr" 

As indicated above, the UL PLR information may also be signaled by the MTSI sender to the MTSI receiver as part of the transmitted RTP stream using RTP header extensions. An example format is as follows, where UL PLR value ULPLR is specified in 16 bits:

0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|   ID  | len=7 |          ULPLR                |  zero_padding |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

It is also possible that, rather than signalling UL PLR values, the ratio between UL PLR and DL PLR values may be signalled in the RTP header extension message, e.g. in the following format:

-
Ratio of UL PLR and DL PLR values UL_DL_PLR_Ratio – specified in (16 bits)

An example format is as follows, where UL DL_PLR_Ratio value UL_DL_PLR_Ratio is specified in 16 bits:

0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|   ID  | len=7 |       UL_DL_PLR_Ratio         |  zero_padding |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

A 3GPP MTSI client (based on TS 26.114 [3]) supporting this RTP header extension message can offer such capability in the SDP for all media streams containing video / audio. This capability can be offered by including the a=extmap attribute indicating a dedicated URN under the relevant media line scope. The URN corresponding to the capability to signal UL PLR information is: urn:3gpp:ul-plr. Here is an example usage of this URN in the SDP: 

a=extmap:7 urn:3gpp:ul:plr

The number 7 in the example may be replaced with any number in the range 1-14.

As yet another signalling option, it is also possible that the RTP header extension method may solely be used to convey the DL and UL PLR allocations for both sent and received RTP streams, e.g. with the following format:

-
Ratio of UL PLR and DL PLR values UL_DL_PLR_Ratio1 for the sent RTP stream, e.g.  from UE A to UE B– specified in (12 bits).
-
Ratio of UL PLR and DL PLR values UL_DL_PLR_Ratio2 for the received RTP stream, e.g. from UE B to UE A – specified in (12 bits).
0                   1                   2                   3
 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
|   ID  | len=7 |     UL_DL_PLR_Ratio1  |  UL_DL_PLR_Ratio2     |
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

In this setting where RTP header extension messages contain DL and UL PLR allocations for both forward and reverse links, there would not be a need to use the RTCP feedback messages, in order to signal UL PLR information from the MTSI receiver to the MTSI sender. This signalling option however relies on the presence of a bi-directional link, i.e., it would not work in case of sendonly or recvonly streams.

Figure 8.2a below with signaling flows provides an example usage of the above dynamic DL PLR and UL PLR allocation framework based on the use of RTCP feedback signaling. 
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Figure 8.2a Examplary signalling flow for dynamic DL PLR and UL PLR allocation based on the use of RTCP feedback signaling
Step 1: UE-A and UE-B exchange SDP that includes information on (i) max_e2e_PLR on UE-A and UE-B., (ii) RTCP-based ability to signal UL PLR information as described above, (iii) RTP header extension based capability to exchange UL PLR information as described above. Following the SDP negotiation, it is possible that DL PLR and UL PLR values may be statically configured and the respective SRVCC thresholds may be determined, as per the UE-based and network-based approaches documented in clauses 8.2.2.3 and 8.2.3.3 – 8.2.3.5, respectively. For instance, from the perspective of UE B, this means, eNB_B_DL_PLR and eNB_A_UL_PLR are also statically set. 

Step 2: UE-A sends RTP media flow to UE-B.

Step 3: UE-B detects DL good radio conditions locally, e.g. UE-B measures low BLER over the local radio link. Hence, UE-B concludes that the local radio conditions will support the most robust codec mode with negligibly small PLR, and the chances of SRVCC handover are quite small. 

Step 4: On the contrary, UE-A detects UL poor radio conditions locally, e.g. UE-A measures high BLER over the local radio link. Hence, UE-A concludes that the local radio conditions may hardly support the most robust codec mode, and there's a good chance that SRVCC handover will need to be triggered. 

Step 5: UE-B sends to UE A an RTCP feedback message including UL PLR information, where eNB_A_UL_PLR value is set to a value almost close to max_e2e_PLR for UE B.
Step 6: UE A signals the new UL PLR value to eNB A. Then eNB updates its SRVCC handover threshold based on the new UL PLR value, which is higher than the statically set UL PLR value. 

Step 7: SRVCC handover over the UL connection from UE A to eNB A is delayed further due to the dynamically signalled UL PLR information from UE B.
	End of document


