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 Some proposals for 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.
In reference [1], it was mentioned “The transmission of upper layer PDUs may be suspended or resumed depending on their relative priorities”. However, it couldn’t be applied thoroughly when RLC data blocks are retransmitted and when ack/nack statuses are reported. According to the current principle, RLC data blocks in the transmit window can be considered with no priority even when they are belonging to different PFCs with different priorities.

In this paper, it is proposed to apply the transmission priority of upper layer PDU to the RLC data blocks, thus retransmission of RLC blocks and reporting of ack/nack statuses is allowed to keep consistent with EMSR priority principle and get more benefit from EMSR, e.g. avoid the blocking and reduce the delay of upper layer PDU with higher transmission priority. The proposed principles of the retransmission and ack/nack reporting are described with details in section 2 and a draft CR based on these proposals is presented in the Annex.
2 Principle proposed
Note: All these proposed principles below can be applied at the same time when EMSR is enabled. The main principles are: 
· RLC data blocks corresponding to a higher priority PDU is allowed to be transmitted prior to those corresponding to a lower priority PDU.
· Nack status corresponding to a higher priority PDU is allowed to be reported prior to those corresponding to a lower priority PDU.

2.1 RLC acknowledged mode
Principle 1: the RLC data block whose corresponding element in V(B) indexed relative to V(A) has the value NACKED could be transmitted according to the transmission priority of upper layer PDU.
Principle 2: the RLC data block whose corresponding element in V(B) indexed relative to V(A) has the value PENDING_ACK could be transmitted according to the transmission priority of upper layer PDU.
Principle 3: the RLC data block whose corresponding element in V(B) has the value TENTATIVE_ACK could be transmitted according to the transmission priority of upper layer PDU.

2.2 RLC non-persistent mode
Principle 4: the RLC data block included in V(B) indexed relative to V(A) has the value NACKED could be transmitted according to the transmission priority of upper layer PDU.
2.3  When Event-based FANR enabled
Principle 5: the elements in the receive state array V(N) whose state is UNREPORTED could be transmitted according to the transmission priority of upper layer PDU

3 Conclusion
The proposed principles inherit the transmission priority of upper layer PDU in the RLC window when EMSR is enabled. To get more benefits from EMSR, it is suggested to endorse the proposals in sec 2 and merged the draft CR in Annex I into the CR of EMSR. 
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5 Annex I
------------------ First change -------------------------------

9.1.3.2
Acknowledge State Array 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. If EMSR is enabled, the RLC data block whose corresponding element in V(B) indexed relative to V(A) has the value NACKED could be transmitted according to the transmission priority of upper layer PDU. 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 EMSR is enabled, the RLC data block whose corresponding element in V(B) indexed relative to V(A) has the value PENDING_ACK could be transmitted according to the transmission priority of upper layer PDU. 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. If EMSR is enabled, the RLC data block whose corresponding element in V(B) has the value TENTATIVE_ACK could be transmitted according to the transmission priority of upper layer PDU. 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.

9.1.3.2.2
EGPRS TBF running in RLC non-persistent mode

In RLC non-persistent 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 may transmit any RLC data block included in V(B), e.g. those whose corresponding element in V(B) indexed relative to V(A) has the value NACKED. If EMSR is enabled, the RLC data block included in V(B) indexed relative to V(A) has the value NACKED could be transmitted according to the transmission priority of upper layer PDU.As each RLC data block is transmitted the corresponding element in V(B) is set to the value PENDING_ACK. If an NPM Transfer Time limitation is associated with the TBF, the transmitting RLC endpoint shall start a timer with a value equal to the NPM Transfer Time (see Table 12.45a.1) each time it begins transmitting a new upper layer PDU. If the timer expires, the transmitting RLC endpoint should not (re)transmit any of the RLC data blocks corresponding to that upper layer PDU and not containing data from other LLC PDU(s) whose timer has not yet expired.

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.

If the RLC data block to be transmitted is split over two radio blocks, both radio blocks shall be transmitted. The selection of the Puncturing Scheme (PS) shall be performed according to sub-clause 9.3.2.1.

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.

------------------ Last change -------------------------------

9.1.14
Fast Ack/Nack Reporting

9.1.14.1
General

The Fast Ack/Nack reporting procedure (FANR) allows to piggy-back, within EGPRS RLC/MAC blocks for data transfer sent in one direction, the acknowledgement status of data blocks relative to a TBF in the opposite direction. The acknowledgement status is provided with a Piggy-backed Ack/Nack (PAN) field of which the presence within an EGPRS RLC/MAC block for data transfer is indicated with the PANI field within the RLC/MAC header of that block, see sub-clause 10.4.21.

The activation of FANR for a given TBF is signalled by the network at TBF establishment/reconfiguration. The mobile station shall proceed as follows:

-
If a downlink TBF is established or reconfigured with FANR activated (see sub-clauses 11.2.7, 11.2.7a, 11.2.31, and 11.2.31a), the mobile station shall act upon sub-clauses 9.1.14.2 and 9.1.14.3. The mobile station shall always use the SSN-based encoding defined in subclause 9.1.8 to encode the PAN field.The RLC data blocks pertaining to a downlink TBF for which FANR is activated shall always be encoded using the relevant RLC/MAC header form specified in sub-clause 10.3a.3 (i.e. PANI and CES/P fields present) irrespective of the existence of a concurrent TBF in the uplink direction.

-
If an uplink TBF is established or reconfigured with FANR activated (see sub-clauses 11.2.29, 11.2.29a, 11.2.31, and 11.2.31a), the mobile station shall monitor for the presence of a PAN field for this TBF on all downlink PDCHs on which it shall monitor the USF for this TBF. The mobile station shall only attempt to decode a PAN field in a downlink EGPRS RLC/MAC block for data transfer if it is already required to check for a USF within that RLC/MAC block. If the presence of a PAN field is indicated in the header of an EGPRS RLC/MAC block for data transfer received on these PDCHs, the mobile station shall attempt to decode the PAN field also in the blocks addressed to other mobile stations. The network may encode the PAN field according to the SSN-based encoding defined in subclause 9.1.8 or the time-based encoding defined in subclause 9.1.15. The specific encoding selected by the network is notified to the mobile station at TBF establishment/reconfiguration (see sub-clauses 11.2.29, 11.2.29a, 11.2.31, and 11.2.31a) and, if multiple TBFs procedures are supported, it shall be the same for all the uplink TBF of the same mobile station. The decision for transmitting a PAN field by the network is implementation specific.

-
If the PAN is addressed to a different mobile station than the one to which the data in the RLC/MAC block carrying the PAN is addressed, the same restrictions for the network's selection of the modulation and coding scheme apply as for the USF transmission to this MS, see sub-clause 5.2.4a (except for MCS-4 and MCS-9 which cannot carry a PAN).

NOTE 1:
FANR is supported only on full-rate PDCH and PDCH-pair.

NOTE 2: 
If the network does not have any EGPRS RLC/MAC blocks for data transfer in downlink direction but a downlink PAN field is available for transmission to a mobile station operating in A/Gb mode, the network may use an LLC UI Dummy command (see 3GPP TS 44.064) to create an EGPRS RLC/MAC data block where the PAN field available for transmission can be sent. 

NOTE 3: 
FANR can be activated for a TBF operated in RLC unacknowledged mode.

The network shall activate FANR for any assigned TBF which uses an RTTI or MTTI configuration.

9.1.14.2
Polled Fast Ack/Nack Reporting

Polled FANR may be used together with event-based FANR (see sub-clause 9.1.14.3).

If the RLC endpoint transmitter is the network and the mobile station has at least one concurrent TBF in the uplink direction, the network may poll the mobile station to trigger the FANR procedure. In this case the mobile station shall answer in a reserved radio block period which is allocated with the polling as described in sub-clause 8.1.2.2.

In the case where the network polls for a PAN and the mobile station does not transmit a PAN (e.g. because it does not have any EGPRS RLC/MAC blocks for data transfer in the uplink direction, all the elements of V(B) have the value TENTATIVE_ACK or ACKED, does not have any TBF assigned in the uplink direction or does not have an uplink TBF that has been assigned a PDCH corresponding to the downlink PDCH where the poll was received or a PDCH-pair corresponding to the downlink PDCH-pair where the poll was received), the mobile station shall transmit a EGPRS PACKET DOWNLINK ACK/NACK, EGPRS PACKET DOWNLINK ACK/NACK TYPE 2 message containing NPB, see sub-clause 10.4.4b.

9.1.14.3
Event-based Fast Ack/Nack Reporting
Event-based FANR may be used together with Polled FANR (see sub-clause 9.1.14.2).

If the RLC endpoint receiver is the mobile station, event-based FANR is enabled for this TBF and the mobile station has at least one assigned TBF in the uplink direction, the mobile station shall insert one PAN field in an EGPRS RLC/MAC block for data transfer transmitted during a given radio block period for that uplink TBF if the state of any element in the receive state array V(N) is UNREPORTED. The mobile station may continue to insert PAN fields in subsequent EGPRS RLC/MAC data blocks sent in the same radio block period as long as there exists one or more elements in the receive state array V(N) whose state is UNREPORTED. If EMSR is enabled, the elements in the receive state array V(N) whose state is UNREPORTED could be transmitted according to the transmission priority of upper layer PDU. 

If event-based FANR is enabled and the network polls the mobile station, the mobile station shall transmit, in the reserved radio block period which is allocated with the polling, one of the messages as described in sub-clause 8.1.2.2.

If the mobile station does not have any RLC data block waiting for the transmission, the mobile station shall transmit EGPRS PACKET DOWNLINK ACK/NACK or EGPRS PACKET DOWNLINK ACK/NACK TYPE 2 message containing NPB.

In case of multiple-TBF allocation or if multiple RLC entities are multiplexed within a single TBF by means of EMST, a mobile station shall insert a PAN field indicating unreported erroneous RLC data blocks from TBFs, or in case of EMST, from an RLC entity in RLC non-persistent mode prior to a PAN field indicating unreported erroneous RLC data blocks from TBFs, or in case of EMST, from an RLC entity in RLC acknowledged mode.
------------------ END -------------------------------
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