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Enhanced Multiplexing for Single TBF Operation
1. Introduction
This document is an update version of ‎[4] which elaborates on the impact of EMST with TFI-based RLC identification on RLC/MAC procedures for single TBF. The changes in comparison with ‎[4] include
· Clarification of MAC procedures in packet transfer mode;

· Inclusion of flow charts illustrating an assignment of TBF using EMST and a release of TBF using EMST;
· Proposal to indicate the network’s support of EMST in assignment messages instead of broadcasting this information.

2. Assumptions

Features supported by the network

· RLC non-persistent mode

· Extended uplink TBF

· Delayed release of downlink TBF

· Packet Flow Context procedures

Features supported by mobile station

· RLC non-persistent mode

· Extended uplink TBF

· Packet Flow Context procedures

3. Enhanced Multiplexing for Single TBF Support Indication

The support of enhanced multiplexing for single TBF needs to be indicated at the mobile station side in MS Radio Access Capability.  The mobile station needs to know the network’s support of EMST only in packet transfer mode for the purpose of resource reallocation for uplink. Therefore, it is proposed to signal the network’s support of EMST in the PACKET UPLINK ASSIGNMENT message, the PACKET TIMESLOT RECONFIGURE message, and the DTM ASSIGMNET COMMAND message.
4. MAC Procedures In Packet IDLE Mode
4.1 Uplink Data Transfer

The mobile initiates the establishment of an uplink TBF as currently defined in the specification. The uplink TBF should be operated in extended uplink TBF mode. The network supporting EMST also supports extended uplink TBF mode (NW_EXT_UTBF parameter on BCCH or PBCCH) and as stated in 44.060, “The RLC/MAC entity, which has received the indication that the peer supports the extended uplink TBF mode, shall operate an uplink TBF in the extended uplink TBF mode.” In two phase access, when the network retrieves the mobile station capability, the network may assign to the mobile station supporting EMST the uplink TBF with two RLC entities by inclusion of additional TFI and PFI. It is proposed that only one set or RLC parameters is included in the assignment message and these RLC parameters refer to RLC entity operating in RLC non-persistent mode. For example the window size for RLC entity operating in RLC acknowledge mode may be derived from the number of assigned timeslots or the maximum window size may be used, see also section ‎7.
4.2 Downlink Data Transfer

Also in case of downlink data transfer, no changes are required to the procedures of TBF establishment initiated by the network. It is assumed, but not necessary, that the network uses delayed release of downlink TBF at least when RLC non-persistent mode is used. The network may assign to the mobile station supporting EMST the downlink TBF with two RLC entities by inclusion of additional TFI and PFI. Also in this case only one set of RLC parameters is proposed to be included in the message, see section above.
5. MAC Procedures in Packet Transfer Mode

5.1 Uplink Data Transfer

5.1.1 Resource Reallocation in Uplink

If a change of RLC mode is required for transmission of data which have higher radio priority or same radio priority but higher peak throughput and the ongoing TBF is operating in extended uplink TBF mode, a procedure is defined in sub-clause 8.1.1.6 in 3GPP TS 44.060. When EMST is supported, the intention is to avoid the RLC mode change but instead allocate an additional RLC entity to the ongoing TBF.
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Figure 1: Change of RLC mode in extended uplink TBF mode
It is proposed that the mobile station requests the allocation of an additional RLC entity by transmission of the PACKET RESOURCE REQUEST message. Please note that the mobile station is allowed to transmit the PACKET RESOURCE REQUEST message also if the radio priority of new data is lower or the radio priority and the peak throughput is not higher than the current data being transmitted.

Upon reception of the PACKET RESOURCE REQUEST message, the network allocates the additional RLC entity to the ongoing TBF by transmission of the PACKET UPLINK ASSIGNMENT message or the PACKET TIMESLOT RECONFIGURE message including the additional TFI and PFI values associated with the RLC entity operating in RLC acknowledged move. The RLC parameters included in the message shall apply only to the RLC entity operating in RLC unacknowledged/non-persistent mode. Please note that FANR parameters shall apply to both RLC entities.  
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Figure 2: Assignment of uplink TBF using EMST

The mobile station assigned an uplink TBF with two RLC entities requests resource reallocation by the transmission of the PACKET RESOURCE REQUEST message. The RLC entity, for which the reallocation is required, is identified by the TFI value included in the message.  The network may reallocate the TBF with two RLC entities to new radio resource by transmission of the PACKET UPLINK ASSIGNMENT message or the PACKET TIMESLOT RECONFIGURE message which may include new TFI values. 
If the network does not support EMST then it initiates the change of RLC mode in extended uplink TBF mode upon reception of the PACKET RESOURCE REQUEST message indicating the change of RLC mode. This is going to be recognized by mobile station by reception of the PACKET UPLINK ACK/NACK message with FAI set to ‘1’ instead of the PACKET UPLINK ASSIGNMENT message or the PACKET TIMESLOT RECONFIGURE message assigning the additional RLC entity.
5.1.2 Release of Uplink TBF or RLC Entity Allocated to Uplink TBF
The release of the uplink TBF with two RLC entities follows procedures of the uplink TBF release in extended uplink TBF mode, see sub-clause 9.5 of 3GPP TS 44.060. The TBF release is initiated by network by transmission of the PACKET UPLINK ACK/NACK message with the Final Ack Indicator  set to ‘1’ which may be preceded by the PACKET TBF RELEASE message. When the mobile station receives the PACKET UPLINK ACK/NACK message with FAI equal ‘1’ it shall not transmit any further RLC data block in RLC unacknowledged or non-persistent mode and the mobile station shall continue in the uplink TBF release procedure as specified for RLC acknowledge mode concerning only the RLC entity operating in this mode. It is proposed the countdown value to be calculated per RLC entity and it shall indicate the current number of RLC data blocks that has not been transmitted by that RLC entity. The network should not initiate the release of uplink TBF if there are any RLC data that have not been transmitted yet.
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Figure 3: Release of uplink TBF using EMST

It is left for further studies whether it is beneficial to introduce procedures for a release of an RLC entity from a TBF using EMST.

5.2 Downlink Data Transfer
5.2.1 Resource Reallocation in Downlink

The network may assign a downlink TBF with two RLC entities to the mobile station supporting EMST by transmission of the PACKET DOWNLINK ASSIGNMENT message or the PACKET TIMESLOT RECONFIGURE message. In the same way as in uplink assignment, the message includes additional TFI, PFI and one set of RLC parameters applicable the RLC entity operating in RLC unacknowledged/non-persistent mode.
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Figure 4: Assignment of downlink TBF using EMST
The network may reallocate the resources for the TBF using EMST by transmission of the PACKET DOWNLINK ASSIGNMENT or PACTKET TIMESLOT RECONFIGURE message which may also include new TFI values.
5.2.2 Release of Downlink TBF or RLC entity Allocated to Downlink TBF

The network initiates the release of downlink TBF by transmission of RLC data block addressed to the RLC entity operating in RLC acknowledge mode with Final Block Indicator set to ‘1’ or by transmission of the PACKTE TBF RELEASE message.. The network shall not transmit any further data in RLC non-persistent mode after the RLC data block with FBI equal ‘1’ has been transmitted and it shall continue downlink TBF release procedure as specified for RLC acknowledged mode. 
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Figure 5: Release of downlink TBF using EMST

6. RLC pRocedures
6.1 Uplink RLC Data Block Transfer

As the two data flows served by TBF allocated two RLC entities will probably have different QoS requirements and may exhibit different data traffic characteristics, it is proposed the commanded MCS is applied per RLC entity. 
Different approaches for countdown value calculation are discussed in ‎[1]. It is proposed the countdown value to be calculated per RLC entity. Such countdown value calculation provides the network with better knowledge about remaining data awaiting transmission for each RLC entity and this may help in more efficient resource allocation in some case.
EMST requires a scheduling algorithm to be specified for uplink RLC data transmission ‎[1]

 REF _Ref201498775 \r \h 
‎[2]. It is assume the RLC non-persistent mode to be used mainly for PS conversational services. Under this assumption, a scheduling algorithm for uplink RLC data block transfer prioritizing pre-emptive retransmissions in RLC non-persistent mode over pre-emptive retransmissions in RLC acknowledge mode and providing fair multiplexing between negatively acknowledged (i.e., the first transmission of data block or retransmission of negatively acknowledged data block) in RLC acknowledged and unacknowledged/non-persistent mode was presented in ‎[2].
6.2 Downlink RLC Data Block Transfer

The downlink RLC data block transmission is entirely under the control of the network and the scheduling of RLC data blocks between the two RLC entities is implementation specific.
7. PS and DTM HANDOVER

In case of PS and DTM handover, it should be possible for the network supporting EMST to assign a TBF with two RLC entities in the handover command. Similarly to the uplink and downlink TBF assignment, it is proposed that only one set of RLC parameters is included in the handover command message for TBF in each direction. With the assumption the EMST is intended to be used mainly with RLC non-persistent mode, it is necessary that the RLC parameters included in the message refers to the RLC entity in RLC non-persistent mode, i.e. RLC window size, NPM Transfer Time. It is proposed the RLC window size of RLC entity in RLC acknowledged mode should be the maximum window size corresponding to the TBF’s timeslot allocation, see Table 9.1.2.2.1 in ‎[3]. Please note, the same approach of RLC window size derivation is used in TBF assignments of RLC unacknowledged mode to the mobile station supporting RLC non-persistent mode.
8. Conclusions
The impact of EMST on the current RLC/MAC procedures for single TBF is analysed in the document. As shown, EMST follows the MAC procedures in packet idle mode. The core of EMST is to avoid the TBF release in case the mobile station requires change of RLC mode. If the mobile station and the network support EMST, an additional RLC entity is assign to the ongoing TBF instead of the release of the current TBF and the establishment of new TBF with the requested RLC mode.
The analysis presented in this document shows that the modifications required to the current procedures for single TBF are small and because EMST expands the single TBF operations only slightly the changes may be seen rather simple. The changes in RLC procedures, some of them already discussed in ‎[1]
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‎[2], include commanded MCS handling, countdown value calculation and uplink RLC data block transmission. Also in this case, no complications with introduction of EMST are assumed.
This document elaborates on the scale of changes required for the introduction of EMST to the specification. As indicated above, the introduction of EMST has impact on few procedures and the changes are rather small and simple. Therefore, it is our proposal to proceed with the introduction of EMST in the specification in Rel-8 and allow better support of PS conversational services for the mobile station not capable of multiple TBFs with less implementation effort.
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