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Flexible RLC Non-Persistent Mode for Low Delay Services
1 Introduction
The smaller window size approach [1] and the timers based approach [2] have been presented to introduce new non-persistent RLC modes for point-to-point low delay services in GERAN.
The approaches reduce the expected period of the missing RLC data blocks according to the Transfer Delay attribute as following:

· Using smaller window size, the receiving RLC endpoint limits the RLC data block retransmissions to reduce the expected period not exceeding the Transfer Delay attribute; 
· Using the timers according to the portion of Transfer Delay attribute in the Um interface, the receiving RLC endpoint shall monitor the un-received RLC data blocks in order to update the lower edge of the receiver window when timeout.
These approaches will not be appropriate for low delay services for the following reasons:
· For the approach based window size: 
· In the case of silent period, the missing RLC data blocks would expect the arrival without being correctly received after several retransmissions which cause insufferable delay and could be seen as wasting radio resources;
· In the case of using smaller window size than the legacy size, if the number of RLC data blocks split from a single LLC PDU is larger than the receiver window size for some scenarios [2] then the window shall be filled quickly with these blocks. This could be result as the additional FER since the missing block(s) may have no chance to be retransmitted.
· For the approach based timers:

· there is not a good way found to estimate the portion of the Transfer Delay which is consumed in Um interface in some scenarios, such as the voice call between MS and PC or PSTN;

· the period for keeping missing data blocks expected in receiving RLC endpoint can be estimated by other means, for example polling procedure.
In summary, the problem of exiting approaches used to reduce the expected period of missing blocks is that it does not take into account the profitable factors of retransmission. The proposal is to implement a new non-persistent RLC mode, integrating the constraint of Transfer Delay, minimizing bandwidth consumption and the reliability of frames, such as BLER and FER. The mode shall act in a flexible manner on both uplink and downlink and be possible without significant performance degradation.
2 Description of the proposal
To define a flexible non-persistent RLC mode with legacy window size, the main idea is that, instead of using a single window in the receiving or transmitting RLC endpoint, a new window named sub-window is introduced overlapping the original window. The receiver or transmitter window is called super-window. The mode is named Nested Windows Mode (NWM). The V(R) or V(S) divides the super-window into two parts, concerned area and unconcerned area. The concerned area is arranged from V(Q) to [V(R) - 1] modulo SNS or from V(A) to [V(S) - 1] modulo SNS, and comprises of two parts:

· the Sub-window for guaranteeing the services delay. The sub-window with a fixed window size WS’ is defined as an array of WS’ RLC data blocks previous the V(R) or V(S).

· the Regulable Section (RS) for the factor of reliability. The Regulable Section (RS) includes the BSNs out of the sub-window.
In the figure below and example is shown, referring to the transmitting RLC endpoint. It is similar to the case of receiving RLC endpoint.
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Figure 2.1 Nested Windows Mode for the transmitting RLC endpoint

Considering the continuous transfer on TBF, one or two blocks shall be transmitted per 20 ms on each timeslots allocated to MS and the number of blocks can be used to estimate the duration of transfer on TBF. Consequently, the receiving and transmitting RLC endpoints can use the value of WS’ to indicate a portion of Transfer Delay of the service.
In the contribution presented in [3], the relation between BLER or FER and retransmission is given and the result of simulation indicates that the BLER can be reduced below 1% for sufficient speech quality with 1 retransmission in some conditions. In this way, the NWM defines a maximal number of retransmissions (N) for decreasing the BLER under consideration of additionally latency introduced by the retransmissions.
In the transmitting RLC endpoint, the V(S) will simply reflect the transmission of the available RLC data blocks. The unacknowledged blocks in both the sub-window and RS will be retransmitted according to the Ack/Nack reporting. Specially, the unacknowledged blocks of the RS shall be retransmitted as quickly as possible with the limitation of N, i.e. the unacknowledged blocks in RS have a high priority of transmission.
In the receiving RLC endpoint, the V(R) will simply reflect the reception of the RLC data block with the highest BSN. The endpoint shall request the retransmissions of un-received blocks which are in both the sub-window and RS by sending the Ack/Nack reporting.

With the limitation of the N value according to the QoS, the unacknowledged blocks which the retransmissions has reached N in the transmitting RLC endpoint and the missing blocks which the times of the retransmission request has reached N in the peer RLC endpoint shall be deleted respectively. And the V(A) and V(Q) should be updated accordingly.
The NWM shall ensure that the WS’ is small enough to achieve the Transfer Delay attribute and the N is large enough to achieve the FER. For the variable scenarios, there are different requirements of QoS, i.e. different delay attributes and reliability. The NWM can define the values of N and WS’ to adapt the services following principles:
· To reduce the delay time, the NWM shall reduce the N value and WS’ value;
· To enhance the reliability of the services, i.e. FER, the NWM shall increase the value of N.

According to the requirements of delay-sensitive services, such as VoIP, the NWM shall balance the value of N and WS’ as well as obtain the balance of C/I in all allocated channels and transfer delay in DL/UL.
The mechanism of NWM shall work more efficiently if the quicker retransmission request sent to transmitter than the one used in legacy mode.
In conclusion, the proposal with a NWM can re-assembly the received blocks in an opportune moment due to reduce the delay and guarantee that the unacknowledged blocks in the RS have at least 1 time retransmission in order to reduce the FER. The key differences between non-persistent RLC modes based timer or window size and the new non-persistent RLC mode are follows:
· The value of V(A) at the transmitting RLC endpoint is based on the acknowledgement of transmitted RLC data blocks and maximal number of retransmissions N (set according to the Transfer Delay attribute);
· The value of V(Q) at the receiving RLC endpoint is based on the reception of RLC data blocks and maximal number of retransmission request N (the same as above);
· The value of N can be used to estimate the expected period of missing blocks in receiving RLC endpoint and reduce the FER by retransmissions. The estimated age plus the portion of Transfer Delay indicated by WS’ shall not beyond the Transfer Delay attribute value;
· The value of WS’ can keep missing data blocks available restricting to the Transfer Delay attribute value in both RLC endpoints. The missing blocks out of sub-window would be discarded after N retransmissions in a shortcut way with the mechanism of NWM;
· In the case of silent period, the missing blocks would not be retransmitted too many times with the limitation of N value and be discarded after the N times retransmissions not exceeding the age of Transfer Delay attribute value.
3 Conclusion

In this contribution, the Flexible non-persistent RLC mode provided by the NWM mechanism for low delay services has been shown. The proposal also gives the relation among the constraints, the transfer delay and the channel quality.

It is proposed that a new variant of non-persistent RLC mode shall be introduced in 3GPP TS 44.060 to ensure the proper operation of low delay services by avoiding the essential defects of the legacy non-persistent RLC mode currently defined for MBMS services. 
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