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On EMST and mTBFs
1. Introduction
Single TBF operation lacks a capability to multiplex data flows with different RLC modes which is required by some services such as PS conversational services. Multiple TBFs specified in Release 6 overcome this limitation by allowing establishment of new concurrent TBFs in the same direction. Concerns about complexity of multiple TBF features especially in mobile terminals led to the proposal of enhancements to the single TBF operation. Enhanced multiplexing for single TBF (EMST) has been proposed in ‎[1]

 REF _Ref201498775 \r \h 
‎[2]

 REF _Ref206852842 \r \h 
‎[3]

 REF _Ref209872888 \r \h 
‎[4]. EMST aims to improve multiplexing capability of mobile stations not capable of multiple TBFs with less implementation effort and to allow the support of PS conversational type of services by those mobile stations. This document discusses foreseen complexity in implementation of multiple TBFs in scope of EMST.  
2. Concerns About Multiple TBFs
The network implementations had to consider some aspects of operating multiple TBFs even before multiple TBFs were introduced in the standard. Therefore, the concerns about multiple TBFs are discussed mainly from the mobile station point of view in this section.
Table 1: Single TBF, EMST, and multiple TBF comparison

	
	Single TBF
	EMST
	Multiple TBFs

	RLC address
	TFI
	TFI (alternatively BSN)
	TFI + TN range

	RLC memory
	1x 1024 RLC data blocks
	2x 1024 RLC data blocks
	m times 1024 RLC data blocks

	IR memory
	No significant difference because the IR should be dimension for the multislot class
	
	

	MAC procedures
	MAC layer with a single instance of timers and counters
	MAC layer with a single instance of timers and counters
	MAC layer with multiple instances of timers and counters to supervise m TBFs


2.1 Maximum Number of Concurrent TBFs

The number of TBFs which the mobile station shall support is not specified. Instead, 3GPP TS 43.064 states that mobile station implementations are expected to ensure that the mobile station can support the number of TBFs sufficient to operate all the PDP contexts it has activated. In principle, the mobile station should be able to operate as many TBFs and PFCs as many PDP context it can operate. Because there is no limitation, the mobile station must ensure it has sufficient amount of resources to operate all PDP context it can support. In case the mobile station’s resources appear to be insufficient, the mobile station is forced to deactivate some PDP context with cause “insufficient resources”, see 3GPP TS 24.008. This may lead to increase signaling load at LLC layer. It has been already recognized that the resource consumption may be quite high with multiple TBFs. For the reason of saving resources, SGSN may uses so called aggregated BSS QoS and one PFC which is shared by PDP contexts having similar QoS profiles, see 3GPP TS 23.060. The number of concurrent TBFs may be also reduced by stealing of bandwidth for control message transmission from a TBF used for user plane.
EMST aims to provide improved multiplexing capability for single TBF mobile stations with minimum requirements and limit the requirements on the mobile station at the same time. EMST allows multiplexing of up to two PFCs on a single TBF with the assumption that those PFCs require different RLC mode.
2.2 MAC Procedures
When moving from single TBF to multiple TBF operation, the mobile station has to be able handle concurrent TBF establishment, modification and releases for as many TBFs as it can support. There are plenty of scenarios which may occur in terms of medium access control. For example, the mobile station may receive consecutive assignments to which it has to response within the specified reaction time. The requirements on the mobile station synchronization move to new higher level of complexity in case of multiple TBFs.  
Multiple TBFs has also impacts on a control of multiple concurrent TBFs at the network side. There are some limitations which require more careful consideration if multiple TBFs are used. For example, the network has to take into account the number of pending poll responses. The network shall not schedule uplink PACCH blocks in such a way that there are more than three PACCH blocks scheduled at the time. The mobile station may omit responding to the extensive polling request, see 3GPP TS 44.060. This limitation is important when the number of TBFs increases not only in downlink but also in uplink. The mobile station may omit transmission of the PACKET CONTROL ACKNOWLEDGMENT message due to the fact that it has received polls for downlink TBFs to which it has not responded yet.

2.3 Transmission of RLC data from other TBF in case of extended UL TBF
In multiple TBFs case, the TFI value is not sufficient for the identification of TBF allocated to the mobile station because same TFI value may be used by TBFs allocated on different radio resources, i.e. PDCHs. This fact also limits the possibility to transmit RLC data from one TBF when uplink resource is allocated to other TBF for which there are no RLC data ready for transmission. RLC data block from one TBF may be transmitted on the uplink radio block allocated to other TBF only if the TBFs share radio resources, see 3GPP TS 44.060. 
3. Advantages Of EMST
Although EMST cannot reach the flexibility of multiple TBFs in data flows multiplexing, EMST is more efficient in some scenarios. The advantages of EMST can be seen especially when a data flow with a burst traffic profile which includes long periods of inactivity is multiplexed with other data flow with a data stream traffic profile. Delayed downlink TBF and extended uplink TBF are assumed in the discussion bellow.
3.1 Downlink Direction

In case of multiple TBFs, the timer T3190 is used at the mobile station side for each downlink TBF to supervise the downlink data transmission in this direction. If the timer T3190 expires for a given downlink TBF, the mobile station shall release that downlink TBF. If there are no data available for the transmission for a downlink TBF and the network intention is to keep that downlink TBF in operation then the network has to transmit a dummy block in order to keep the downlink TBF running. In case of EMST, two data flows are multiplexed on the same TBF. The timer T3190 is restarted each time a valid RLC data block (in case of EGPRS valid RLC/MAC header) belonging to either of the data flows allocated on that TBF is received. In such case, the network does not need to transmit the dummy blocks if there are data available for at least one data flow.
3.2 Uplink Direction

The situation in the uplink direction is similar to the downlink direction. In extended uplink TBF mode, the network intention is to keep the uplink TBF running even if the mobile station does not have any RLC data available for transmission on that TBF. The network has to schedule USFs for that TBF during the periods of the mobile station’s inactivity on that TBF in order to allow the mobile station to transmit new data without significant delay and to avoid expiration of the timer T3180. The mobile station starts the timer T3180 on a TBF for which it transmits an RLC/MAC block to the network. The timer T3180 is restarted when an assigned USF value is detected on the downlink PDCH assigned to that TBF. The network has to regularly schedule USFs for all allocated uplink TBFs in order to prevent the abnormal release. Please note that the mobile station is allowed to transmit RLC data blocks belonging to other TBF than the one which was scheduled in uplink only if the TBFs share radio resources. In case of EMST, one instance of the timer T3180 is associated with an uplink TBF using EMST and the network would use only one USF value to schedule that uplink TBF. EMST proposes to introduce an algorithm at the mobile station side for multiplexing of RLC/MAC blocks from two data flows.
4. Conclusions
Concerns about implementation complexity of multiple TBFs are discussed in this document. The multiple TBFs feature provides great flexibility at a cost of significantly higher complexity on the mobile station mainly due to the requirements for concurrent MAC procedures for handling multiple concurrent TBF establishment, modification and releases. It has also been shown that in a number of scenarios Multiple TBFs is inefficient.

EMST aims at obtaining the benefits originally intended by multiple TBFs while minimising greatly the impact on the MAC procedures compared with single TBF operation. This document has also shown that EMST is more efficient than multiple TBFs in a number of scenarios.

Therefore and based on earlier analysis of EMST ‎[1]
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‎[4], it is our proposal to proceed with introduction of EMST in the specification in Rel-8.
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