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Some Discussion on EMSR
1 Introduction
In previous GERAN meetings, the EMSR (Enhanced Multiplexing for Single RLC entity) feature was discussed. The objective of EMSR is to support the multiplexing on a per RLC data block basis for different PFCs with different priority which sharing a single RLC entity.
This paper provides some concerns on RLC window operation especially for retransmission priority for PFCs with different priority if EMSR is enabled.

2 Retransmission priority in transmit window
2.1 RLC-AM without EMSR 

In the TS44.060v9.3.0, sub-clause9.1.3.1 and the sub-clause 9.1.3.2, see Annex, gives the description on RLC-AM mode without EMSR.
For simplification, in this paper, we call “the RLC data block whose corresponding element in V(B) has the value NACKED” as ‘NACKED block’, similarly we have ‘PENDING_ACK block’, ‘TENTATIVE_ACK block’. We call “the further RLC data block available for transmission” as ‘NEW block’. We assume “the RLC data block corresponding to V(A) has the value NACKED “ and simply call it as ‘V(A) block’.

It is understood when EMSR is not applied or not supported, i.e. legacy single RLC entity operation, PFCs with different priorities are multiplexed on LLC PDU basis. RLC data blocks in the transmit window can be considered with no priority even when they are belonging to different PFCs. It is specified that the NACKED blocks shall be transmitted. In addition, in case that no NACKED block exists, the NEW blocks are prior to the PENDING_ACK/TENTATIVE_ACK blocks. 
However, it is not very clear which shall be first transmitted in the case that both NACKED block(s) and NEW block(s) exist. Two possible implementations are1) if the transmit window is not stalled, only NEW blocks are transmitted, no NACKED block shall be transmitted; 2) if the transmit window is stalled, then the V(A) block (corresponding to a NACKED block) is transmitted.
2.2 RLC-AM with EMSR 

When EMSR is applied, whether the RLC blocks in the transmitting window will inherit the priority from their owner PFC should be considered. Two kinds of methods are considered for RLC-AM with EMSR on transmission priority issue.
1. Method 1:

One method is, for RLC-AM with EMSR, the block transmission in descending order of priority is as the following:

· If the transmit window is not stalled:

· NEW blocks of higher priority PFC, 
· NACKED blocks of higher priority PFC, 
· NEW blocks of lower priority PFC, 
· NACKED blocks of lower priority PFC; 
· If the transmit window is stalled: 
· NACKED blocks of higher priority PFC irrespective of which PFC the V(A) block belongs to, 
· NACKED blocks of lower priority PFC. 

The clue for this method is if both NEW blocks and NACKED blocks are considered in case that the transmit window is not stalled, which type of blocks should be transmitted with higher priority shall be defined:

1) between NEW blocks and NACKED blocks of the same priority PFC

2) between NEW blocks of higher priority PFC and NEW blocks of lower priority PFC

3) between NACKED blocks of higher priority PFC and NACKED blocks of lower priority PFC

4) between NACKED blocks of higher priority PFC and NEW blocks of lower priority PFC

5) between NEW blocks of higher priority PFC and NACKED blocks of lower priority PFC

And the V(A) block should additionally be considered if the transmit window is stalled, that is the priority between the V(A) block and any other block of different PFCs.

This method thoroughly carries out the EMSR’s priority principle, allowing preemption on both LLC and RLC level, i.e.: allowing high priority preemption for NEW blocks and NACKED blocks, regardless that the window stalls or not stalls. This method is simple in principle but requires complex implementation especially on RLC level. The transmitter need to discriminate different RLC blocks for different PFCs before transmitting, especially in case of three or more PFCs with different priorities, it will lead to more complicated implementation.
Some other problem may exist as shown in figure 1 if this method is applied. Considering the following scenario, when V(A) corresponds to a block belonging to the lower priority PFC1, and some RLC data blocks belonging to the higher priority PFC2 are not yet correctly received and need to be retransmitted according to the received Ack/Nack report. Meanwhile, NEW blocks are continuously coming and the transmit window may get full due to the V(A) block cannot be retransmitted in time if following ‘NACKED block of higher priority PFC is prior to NACKED block of lower priority PFC’. Therefore, the problem is the risk of transmit window stalling.
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2. Method 2:

Another method is the RLC block transmission should follow the transmission priorities in descending order as the following. 
· If the transmit window is not stalled: 
· NEW blocks of higher priority PFC, 
· NEW blocks of lower priority PFC; 
· If the transmit window is stalled: 
· The transmission of the V(A) block shall always rank first, i.e. the corresponding NACKED block regardless of the priority of its owner PFC.
The clue for this method is: 
In the transmit window’s not stalling case, when NEW blocks are available, the NEW blocks should be transmitted with the highest priority. but when no NEW block is available, the V(A) block should be transmitted with the highest priority regardless of the corresponding NACKED block’s owner PFC.
The V(A) block is always transmitted for the transmitting window’s stalling case.

For this method, only preemption of NEW blocks is allowed according to its PFC’s priority, NACKED blocks of higher priority PFC cannot preempt NEW blocks of lower priority PFC in case of window not stalling. And NACKED block of higher priority PFC cannot preempt the V(A) block if the V(A) block is corresponding to the NACKED block of lower priority PFC in case of window stalling. This method can be implemented simply, but not completely perform the EMSR’s priority principle, and it can not guarantee all the LLC PDUs of higher priority PFC can be transmitted as rapidly as possible, especially when the radio environment is not very good, thus the benefit of EMSR needs to be clarified.
3 Discussion on receive window
Based on the proposal in [1], when EMSR is applied, different TFI may be assigned to different PFC with different priorities within the signal RLC entity. For the receive window, regarding the ack/nack reporting, following should be considered: 
3.1 Fully utilization of bitmap space 

For PDAN/PUAN/PAN, whether the bitmap can contain the ack/nack information corresponding to more than one TFI, especially for the polling case. The problem is if the bitmap size is more than enough for the polled TFI, whether the RLC endpoint receiver is allowed to report the error RLC blocks corresponding to another TFI in the bitmap. If allowed, the RLC blocks with the Polled TFI are firstly reported, followed by the RLC blocks corresponding to another TFI. If not allowed, the receiver will first report the RLC blocks with the Polled TFI, then the remaining space are all filled with filling bits, e.g. value ‘0‘. 
3.2 Polled PDAN/PAN with EMSR 

Regarding the Polling for a PDAN or Polling for a PAN, it shall be considered how to report FPB or NPB when EMSR is applied. It needs clarification on the way to determine the SSN on reporting with FPB or NPB.

For Polled PDAN/PAN, in the case of reporting with FPB, the SSN is V(Q) +1, and the value of BOW bit shall be set to ‘1’. However, when EMSR is applied, the SSN of the Polled TFI should be the oldest BSN of the error RLC block corresponding to the polled PFC, which maybe not the beginning of window, i.e. V(Q). So in this case, BOW=’0’ or BOW=”1”should be clarified.
3.3 Event-based FANR with EMSR 

For event-based FANR with EMSR, the question is how to determine the start SSN.
One method is to use the legacy rule, i.e.: to report from the oldest BSN of the unreported RLC block irrespective of its owner PFC’s priority. If in receive window the legacy principle is applied, i.e.: to feedback report of RLC blocks according to the receive sequence no matter which PFC they belongs to.

Another method, which requires complex implementation, is to report from the oldest BSN of the unreported RLC block of the PFC with the highest priority. Here in receive window the EMSR’s priority (PFC priority) principle is applied. That is, when reporting event based PAN, the RLC blocks belonging to the higher priority PFC be prioritized over those belonging to the lower priority PFC. For example, if two RLC blocks belonging to two different priority PFCs were wrongly received, then in PDAN or PAN the RLC block of the higher priority PFC shall be firstly reported.

4 Conclusion
This paper considers the transmission priority for RLC blocks with EMSR is applied, and gives two methods of transmission priority:

· Method 1 thoroughly carries out the EMSR’s priority principle, allowing preemption on both LLC and RLC level; 
· Method 2 only allows preemption on LLC level and partially on RLC level. 
Method1 is consistent with EMSR principle but corresponds to very complex implementation; method2 is of simple implementation but not consistent with EMSR’s principle and cannot demonstrate EMSR’s benefit especially in case of bad radio conditions.
Moreover, whether the principle for the receive window should be consistent with that for the transmit window or with the legacy principle for non-EMSR case. Regarding the FANR with EMSR, the way to fully utilize the bitmap space, the way to report FPB/NPB, and the way to determine the SSN needs careful consideration.
It is noted that for the RLC-NPM, the same problems should also be carefully examined.
It is believed that the above concerns on EMSR shall be considered carefully so that the tradeoff of implementation complexity versus the benefit of EMST can be appropriately balanced.
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9.1.3.1
Acknowledge state array V(B) for GPRS TBF Mode

In RLC acknowledged mode, each RLC endpoint transmitter shall have an associated acknowledge state array (V(B)). V(B) is an array of SNS elements indicating the acknowledgement status of WS previous RLC data blocks. The array is indexed relative to the acknowledge state variable V(A) modulo SNS. The values of V(B) shall be updated from the values received from its peer in the received block bitmap (RBB) of the Packet Ack/Nack message (see sub-clause 9.1.8)

The transmitter shall transmit the oldest RLC data block whose corresponding element in V(B) indexed relative to V(A) has the value NACKED. As each RLC data block is transmitted the corresponding element in V(B) is set to the value PENDING_ACK.

If [ V(S) < V(A) + WS ] modulo SNS and no RLC data blocks have a corresponding element in V(B) with the value NACKED, the RLC data block with BSN = V(S) shall be transmitted and the corresponding element in V(B) shall be set to the value PENDING_ACK. If there are no further RLC data blocks available for transmission (i.e. the RLC data block with BSN= V(S) does not exist), the sending side shall transmit the oldest RLC data block whose corresponding element in V(B) has the value PENDING_ACK, then the next oldest block whose corresponding element in V(B) has the value PENDING_ACK, etc. If all RLC data blocks whose corresponding element in V(B) has the value PENDING_ACK have been transmitted once, the process shall be repeated beginning with the oldest RLC data block.

If V(S) = V(A) + WS modulo SNS (i.e. the transmit window is stalled), the sending side shall transmit the oldest RLC data block whose corresponding element in V(B) has the value PENDING_ACK, then the next oldest RLC data block whose corresponding element in V(B) has the value PENDING_ACK, etc. If all RLC data blocks whose corresponding element in V(B) has the value PENDING_ACK has been transmitted once, the process shall be repeated beginning with the oldest RLC data block. This process of transmitting the oldest RLC data blocks whose value in V(B) has the value PENDING_ACK shall continue, as long as equation [V(S)=V(A)+WS] modulo SNS holds.

When an element in V(B) falls outside of the active transmit window, i.e. [ V(A) £ BSN < V(S) ] modulo SNS, the element shall be set to the value INVALID.

In the extended uplink TBF mode, if V(S) = V(A) and there is no RLC data block with BSN = V(S) available, the mobile station shall stop sending RLC data blocks. The mobile station shall continue sending RLC data blocks when a RLC data block with BSN = V(S) is available.9.1.3.2
Acknowledge State ArrmkjnhbgvcxzAQWSGEDRFHG90ay V(B) for EGPRS TBF Mode

9.1.3.2.1
EGPRS TBF running in RLC acknowledged mode

In RLC acknowledged mode, each RLC endpoint transmitter shall have an associated acknowledge state array (V(B)). V(B) is an array of SNS elements indicating the acknowledgement status of WS previous RLC data blocks. The array is indexed relative to the acknowledge state variable V(A) modulo SNS. The values of V(B) shall be updated from the values received from its peer in the reported bitmap (RB) of the Packet Ack/Nack message (see sub-clause 9.1.8). If a compressed reported bitmap is received, decompression shall be first applied according to sub-clause 9.1.10.

The transmitter shall transmit the oldest RLC data block whose corresponding element in V(B) indexed relative to V(A) has the value NACKED. As each RLC data block is transmitted the corresponding element in V(B) is set to the value PENDING_ACK. If the RLC data block to be transmitted is split over two radio blocks, both radio blocks shall be transmitted. On initial transmission the RLC data blocks are sent with one of the initial code rates (the rate 1/3 encoded data is punctured with Puncturing Scheme (PS) 1 of the selected Modulation and Coding Scheme MCS) and if the RLC data block is required to be retransmitted it is sent with PS 2 of the selected MCS. On subsequent retransmissions the RLC data block is transmitted with PS in a cyclic process (refer to sub-clause 9.3.2.1).

If [ V(S) < V(A) + WS ] modulo SNS and no RLC data blocks have a corresponding element in V(B) with the value NACKED, the RLC data block with BSN = V(S) shall be transmitted and the corresponding element in V(B) shall be set to the value PENDING_ACK. If the transmitter is the mobile station, the pre-emptive transmission bit is set to '1' in the PACKET UPLINK ACK/NACK message and there are no further RLC data blocks available for transmission (i.e. the RLC data block with BSN= V(S) does not exist), the sending side shall retransmit the oldest RLC data block whose corresponding element in V(B) has the value PENDING_ACK, then the next oldest block whose corresponding element in V(B) has the value PENDING_ACK, etc. If in this case there are no RLC data blocks whose corresponding element in V(B) has the value PENDING_ACK and either the uplink TBF is not operated in extended uplink TBF mode or the uplink TBF is operated in extended uplink TBF mode but the mobile station shall not refrain from sending an RLC/MAC block (i.e. EXT_UTBF_NODATA is set to '0'), the sending side shall retransmit the oldest RLC data block whose corresponding element in V(B) has the value TENTATIVE_ACK, then the next oldest block whose corresponding element in V(B) has the value TENTATIVE_ACK, etc. This entire procedure shall be repeated, starting with the oldest RLC data block whose corresponding element in V(B) has the value PENDING_ACK or has the value TENTATIVE_ACK if no element has the value PENDING_ACK, for as long as the applicable conditions for pre-emptive retransmission are true.

If [V(S) = V(A) + WS] modulo SNS (i.e. the transmit window is stalled), the sending side shall transmit the oldest RLC data block whose corresponding element in V(B) has the value PENDING_ACK, then the next oldest RLC data block whose corresponding element in V(B) has the value PENDING_ACK, etc. If in this case there are no RLC data blocks whose corresponding element in V(B) has the value PENDING_ACK and either the uplink TBF is not operated in extended uplink TBF mode or the uplink TBF is operated in extended uplink TBF mode but the mobile station shall not refrain from sending an RLC/MAC block (i.e. EXT_UTBF_NODATA is set to '0'), the sending side shall retransmit the oldest RLC data block whose corresponding element in V(B) has the value TENTATIVE_ACK, then the next oldest block whose corresponding element in V(B) has the value TENTATIVE_ACK, etc. This process of retransmitting RLC data blocks whose value in V(B) has the value PENDING_ACK (or TENTATIVE_ACK) shall be repeated, starting with the oldest RLC data block whose corresponding element in V(B) has the value PENDING_ACK or has the value TENTATIVE_ACK if no element of V(B) has the value PENDING_ACK, as long as equation [V(S)=V(A)+WS]modulo SNS holds. If the transmitter is the mobile station and the pre-emptive transmission bit is set to '0' in the PACKET UPLINK ACK/NACK message the transmitter shall not retransmit RLC data blocks whose corresponding element in V(B) has the value PENDING_ACK or TENTATIVE_ACK. When a PACKET UPLINK ACK/NACK message or a PAN field is received the mobile station shall retransmit the RLC blocks which are set to NACKED in V(B) and new RLC data blocks as far as the transmit window (if advanced) allows. However if the RLC data block is the last in the TBF it shall be retransmitted even if its state is PENDING_ACK or TENTATIVE_ACK. The default for the mobile side is that the transmitter shall use pre-emptive retransmission. If the transmitter is on the network side this process (pre-emptive retransmission) of retransmitting the oldest RLC data blocks whose value in V(B) has the value PENDING_ACK or TENTATIVE_ACK is optional.

NOTE:
If the Mobile Station only has RLC data blocks whose value in V(B) has the value PENDING_ACK or TENTATIVE_ACK and the pre-emptive transmission bit is set to '0', the rules defined in sub-clause 8.1.1 apply (i.e. PACKET UPLINK DUMMY CONTROL BLOCK messages are sent).

If the mobile station has been polled for a PAN, and the data blocks specified for transmission according to the rules in this sub-clause all have corresponding elements in V(B) whose value is TENTATIVE_ACK then no RLC data block shall be transmitted (see sub-clause 8.1.1.).

When an element in V(B) falls outside of the active transmit window, i.e. [ V(A) £ BSN < V(S) ] modulo SNS, the element shall be set to the value INVALID.

In the extended uplink TBF mode, if V(S) = V(A) and there is no RLC data block with BSN = V(S) available, the mobile station shall stop sending RLC data blocks. The mobile station shall continue sending RLC data blocks when a RLC data block with BSN = V(S) is available.

When Enhanced Flexible Timeslot Assignment, EFTA, is used, and the applicable conditions for pre-emptive retransmission are true, the mobile station shall not prioritize uplink radio block transmission over attempting to read downlink radio blocks.
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