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Concerns on PFC Handling with EMSR
1. Introduction
A proposal to improve the handling of packet flows in GERAN has been presented in TSG GERAN. The discussion papers [1][2]

 REF _Ref245798761 \r \h 
[3] provide an overview of a feature called Enhanced Multiplexing for Single RLC Entity (EMSR). This document discusses some concerns and problems with EMSR. In addition an analytical review of the current procedures is provided. This document shows that, if seen as necessary, the intended functionality of EMSR could be achieved without extended and extensive usage of TFI. 
2. LLC PDU Transmission (current behaviour)
RLC transmitter operates in FIFO manner. The LLC PDUs are split into RLC PDUs (data blocks) each assigned a BSN. The oldest RLC data blocks in the RLC window are transmitted first. When a request for transmission of LLC PDU belonging to a higher priority PFC is received by the RLC entity, the RLC transmitter has to continue with the transmission of the current LLC PDU before it can start the transmission of a higher priority LLC PDU (green) as shown on Figure 1.
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Figure 1 – LLC PDU transmission
The current procedure specified in 44.060 for the resource reallocation in the uplink requires the mobile station to transmit the PACKET RESOURCE REQUEST message before the transmission of the upper layer PDU can start. The different cases can be summarized as follows

1. Higher priority LLC PDU
 – The RLC entity, which receives request from upper layer to transmit an LLC PDU which has a higher priority than the currently transmitted LLC PDU, transmits immediately the PACKET RESOURCE REQUEST message to the network then it completes the transmission of the current upper layer PDU. The PACKET RESOURCE REQUEST message includes the PFI of the higher priority LLC PDU.
2. Lower priority LLC PDU – When a request for the transmission of lower priority upper layer PDU is received by the RLC entity whilst a higher priority upper layer PDU is being transmitted, the RLC entity continues with the transmission of the current upper layer PDU. The mobile station transmits the PACKET RESOUCE REQUEST after the current upper layer PDU has been transmitted. 
If the mobile station sends the PACKET RESOURCE REQUEST message with the reason for changing PFI, radio priority or peak throughput then the mobile station shall continue to use the current uplink TBF assuming that the requested change is already assigned to that TBF [ref. 44.060]. This behavior ensures the mobile station does not need to wait for the response from the network which could otherwise introduce unnecessary delays. 
The resource reallocation in the downlink occurs transparently to the mobile station. There is no control signaling involved. The network decides what upper layer PDU is going to be transmitted next. 
3. Delay Analysis and Discussion
The transmission of higher priority upper layer PDU is delayed by the time needed for the transmission of the older data (current upper layer PDU) in the RLC window because the RLC window is managed in FIFO manner. In addition to the transmission of RLC data, the mobile station has to transmit the PACKET RESOURCE REQUEST message. 

Transmission of the Current Upper Layer PDU

The transmission delay of the current upper layer PDU depends on the length and the available throughput. The worst scenario occurs when the request for the transmission of higher priority upper layer PDU is received just after the transmission of the lower priority upper layer PDU started. The following figures show, for different modulation and coding schemes, the minimum transmission delays for LLC PDU carrying one IP packet with MTU size of 576 octets, which is typical recommendation for dial-up, and one IP packet with MTU size of 1500 octets, which is typically the biggest sized IP packet traversing the Internet. The assumptions used in this analysis are shown in Table 1. 

Table 1 – Analysis assumptions 

	RLC payload
	579 / 1503 octets


	TTI
	20 ms

	radio blocks per TTI period
	2
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Figure 2 – Minimum transmission delay for 1st transmission of all RLC data blocks
 carrying an LLC PDU of 579 octets
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Figure 3 – Minimum transmission delay for 1st transmission of all RLC data blocks
 carrying an LLC PDU of 1503 octets
The figures show that the 1st time transmission of 1503 octets LLC PDU can take up to 700 ms. However, if the radio conditions do not allow usage of a higher MCS than MCS-1 then there is very probably not enough throughput to serve concurrent PFCs anyway. In average radio conditions when MCS-7 is used, the transmission delay is 3 TTI and 7 TTI for 576 octets MTU and 1500 octets MTU respectively. EGPRS2 provides higher throughputs and thus the transmission delays are reduced further. Also allocation of more timeslots would result in shorter transmission delays.
Request for the Resource Reallocation in the Uplink
The transmission of the PACKET RESOURCE REQUEST message takes one radio block. The transmission delays shown on Figure 2 and Figure 3 are rounded to TTI. Addition of the transmission of the PACKET RESOURECE REQUEST message to the analysis results in the same figure in most case, as can be seen on Figure 4 and Figure 5.
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Figure 4 – Minimum transmission delay for 1st transmission of all RLC data blocks 
carrying LLC PDU of 579 octets including PRR transmission
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Figure 5 – Minimum transmission delay for 1st transmission of all RLC data blocks
 carrying LLC PDU of 1503 octets including PRR transmission

4. comments on EMSR

The principles and operation of enhanced multiplexing for single RLC entity (EMSR) are discussed in [1][2]

 REF _Ref245798761 \r \h 
[3]. The upper layer transmission can not be interrupted by the transmission of higher priority upper layer PDU because the RLC receiver will not be able to reassemble the upper layer PDU. In EMSR operation, the mobile station receives TFI for each active PFC from the network. The TFI in RLC/MAC header indicates the PFC to which the payload belongs. The difference between the current procedures and the EMSR operation can be seen by comparing Figure 1 and Figure 6. It should be obvious that the segmentation and reassembly at RLC layer is impacted. 
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Figure 6 - EMSR operation
The following points can be made base on the observation of intended behavior illustrated on Figure 6
1. All RLC data blocks transmitted within the window are numbered sequentially.

2. The RLC receiver has to receive all segments, i.e. all RLC data blocks, conveying a given upper layer PDU (LLC PDU) before the PDU can be reassembled and passed to the upper layer.
3. The transmission of the higher priority LLC PDU must be inserted within an existing transmission in such way that it does not disrupt the transmission of the other PFC (other than delaying it).
The conclusion, which we can make from the points above and the fact that the RLC operation is supposed to remain unchanged, is that there is no need to assigned TFI for each PFC as proposed by [1]

 REF _Ref245798759 \r \h 
[2]

 REF _Ref245798761 \r \h 
[3] but it would be enough to signal the switching points within the stream of RLC data blocks. The signalling of switching points presented in this document is similar to the signalling of the LLC boundaries discussed in [3] with the following differences
· Usage of PFI instead of TFI – This minimizes the TFI usage in the network and eliminates the need to change the control messages.

· A flag indicating the transmission of interrupted lower priority upper layer PDU is resumed – This flag is needed for RLC non-persistent mode when the interrupted lower priority upper layer PDU can be discarded due to the timer expiry as discussed further in this document. 

The switching points can be signalled through inclusion of PFI value in RLC data block in a similar way used during the contention resolution. It is proposed to use the length indicator to signal the presence of PFI as shown on the following figures.
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Figure 7 - Downlink EGPRS data block
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NOTE 1:
If padding is used, then "Octet 1" shall be replaced by "Octet 7", see example in annex J.

NOTE 2:
The field mapping convention for EGPRS (sub-clause 10.0b.3.2) applies. According to that, in particular regarding the TLLI field, the least significant byte of the TLLI value shall be mapped on octet M+1 and the most significant byte of the TLLI value shall be mapped on octet M+4 of the uplink EGPRS RLC data block.
Figure 8 - Uplink EGPRS data block
The situation shown on Figure 6 can be translated into the following sequence of RLC data blocks
… [BSN = A, no LI, data ], [ BSN = A + 1, LI = PFI, PFI, data], [ BSN = A + 2, no LI, data]... , [BSN = B, no LI, data], [BSN = B + 1, LI = PFI, PFI, data], ... , [BSN = C, LI = r, LI = PFI, PFI, LI = s, data_r, data_s], ... , [BSN = D, LI = t, LI = PFI, PFI, LI = u, data_t, data_u], ..., [BSN = D, LI = x, LI = PFI, PFI, LI = y, data_x, data_y] ... 
The example above shows that the same functionality as intended by the proposal of EMSR is achieved using the PFI signalling within RLC data block.  The advantage of the PFI signalling in comparison to EMSR is that the network assigns only one TFI value to the RLC entity thus providing the network with more flexibility in regard to the TFI assignments between different mobile stations.
In RLC non-persistent mode, the lower priority upper layer PDU may be discarded due to the NPM timer expiry. The RLC transmitter has to indicate whether the next lower priority RLC data belongs to the LLC PDU earlier interrupted by a higher priority LLC PDU. This situation is illustrated on Figure 9.
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Figure 9 - EMSR in RLC non-persistent mode
The structure of RLC data block carrying data from both PFCs then is the following

[LI = x, LI = PFI, PFI, LI = y, data_x, data_y]

This structure is same for both cases shown on the figure above. As a consequence, the RLC receiver does not know that a transmission of a new LLC PDU started because the LI delimiting the LLC PDUs belonging to one PFC is lost (i.e. it has been discarded by the RLC transmitter). In order to solve this problem, the resumption flag (RF) has to be introduced. Let RF = 0 denote that the transmission of lower priority LLC PDU is not resumed during switching and RF = 1 denote the opposite, i.e. the transmission is resumed. The structure of the RLC blocks in case the transmission is resumed is the following
[LI = x, LI = PFI, PFI, RF = 1, LI = y, data_x, data_y]

Or if RLC transmitter starts transmitting a new lower priority LLC PDU then the transmitted block has the following structure
[LI = x, LI = PFI, PFI, RF = 0, LI = y, data_x, data_y]

It should be noted that RF has to be used also in case the higher priority LLC PDU ends at the boundary of RLC data block.

5. Conclusions

This document provides an overview of single TBF procedures in regard to the handling of concurrent PFCs. The switching between PFC can be done with LLC PDU granularity. The analysis of transmission delay shows that in the worse case scenario when the lower priority LLC PDU of 1503 octets has to be transmitted before the higher priority LLC PDU, the RLC transmitter starts transmitting the higher priority LLC PDU in approximately 7 TTI assuming two radio blocks can be transmitted each TTI period using MCS-7. The assumption of MCS-7 usage seems very reasonable within the scope of concurrent services scenario. It is also important to remember that the network should provide enough radio resources to support concurrent PFCs which directly translates to higher throughput allocation. As mentioned in this document, the minimal delay decreases with higher throughput. For example, the minimum delay figures would be decreased by 33% if the mobile station is allocated 3 timeslots. This should raise a question how much gain can EMSR provide and how much the transmission of lower priority upper layer PDUs is impacted by EMSR. 
Though the sourcing companies see the current procedures of PFC handling as sufficient, this document also provides a discussion and comments on EMSR[1]

 REF _Ref245798759 \r \h 
[2]

 REF _Ref245798761 \r \h 
[3]. EMSR proposes to use one TFI per PFC in order to allow faster switching between PFCs. This document highlights some problems of EMSR. The extensive usage of TFI values as proposed by EMSR is unnecessary. The PFI signalling proposed in this document allows for immediate switching to the transmission of higher priority LLC PDU. The PFI signalling solution requires only one TFI per RLC entity and it covers all scenarios which can occur during PFC switching. Nonetheless, the segmentation and reassembly of LLC PDUs at RLC layer would require significant changes if the interruption of the current LLC PDU transmission due to the request for the transmission of higher priority LLC PDU has to be supported.
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� The priority is derived from radio priority and peak throughput associated with PFC.


� RLC payload includes MTU (576 or 1500 octets), SNDCP header (1 octet) and LLC header (2 octets)
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