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RLC and MAC multiplexing for GERAN 

1 Introduction

At GERAN Ad-Hoc #1, it was agreed to introduce the identities IMSI, P-TMSI, G-RNTI NSAPI, RAB ID, RB ID, TFI and USF into the GERAN standard. The listed identities shall be used for an MS connected via GERAN through an Iu interface to the core network. The identities are further described in [1]. The relationship between RBs and TBFs has not been settled yet in this document. This paper looks at the different multiplexing possibilities and proposes a solution for MAC multiplexing, which allows for several RBs to be multiplexed onto one TBF.

2 Overall picture of the multiplexing possibilities for GERAN
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Figure 1: different multiplexing possibilities in GERAN

At PDCP level, multiplexing of RBs that have the same QoS requirements could be allowed. This possibility is not offered today by PDCP, and offering such a multiplexing requires some changes in the PDCP specifications.

In [2], it has been proposed to multiplex RBs with different QoS requirements onto the same RLC entity. Such a solution does however not seem very attractive however: in the case of an acknowledged RLC entity, this would mean that a low priority RB could stall the RLC machine, while some data for a high priority RB need to be transmitted. In the case of an unacknowledged RLC entity, since there would be no possibility to know for which RB data that are lost were meant for, that could cause PDCP SDUs to be thrown while they should not be. It seems thus preferable to have one RLC entity by RB, or, If PDCP multiplexing is introduced, to one PDCP entity.

In [3], it was proposed to allow for different RLC entities to be mapped onto one TBF. It would be very beneficial to introduce such a multiplexing, to minimize the signaling and the delay to transmit data (especially on the uplink) when an already established RB begins active while the user has already been allocated a TBF for another active RB, and also to spare the number of TFI that is used for one user.

Some multiplexing possibilities should also be offered be the physical layer: for example to allow for OS2 multiplexing ([4], [5]).

In this paper, it is proposed to map one PDCP entity onto one RLC entity (i.e. not to introduce RLC multiplexing), and to allow for several RLC entities to be mapped onto one TBF. A solution that enables that is presented in the following section of this document.

PDCP multiplexing is left as an open issue, but is considered as a potential complement to the RLC and MAC multiplexing proposals presented in this paper. If PDCP multiplexing was introduced, the overall picture of the multiplexing at the different layers would look as shown in figure 1.

3 Proposed solution for MAC multiplexing

The proposal consists in introducing a “Reduced RB Id” field of two bits into the MAC header. That would allow for 4 RBs to be mapped onto one TBF. If more than 4 RBs are active at the same time, several TBFs would have to be set up for the same user.

3.1 Introduction of the “Reduced RB Id” in the MAC header

The number of spare bits in the current EGPRS RLC/MAC data headers is very limited. Therefore, some fields have to be re-defined to be able to include this Reduced RB Id in the headers. It is proposed:

· For the uplink MCS 1-4, to replace the fields “Spare” and “PI” to introduce the “Reduced RB Id” field with the length of two bits. It may also be possible to use the “RSB” and “R” bits if the RB Id has to be increased in the future. For the current uplink RLC data header for MCS 5-9 there are enough spare bits which can be used for the reduced RB Id.

· For the downlink, since the downlink RLC/MAC data headers do not contain any spare bits at all, to reuse the RRBP (Relative Reserved Block Period) field. The RRBP value may be signalled when the TBF is set up and shall then be fixed during the TBF.
3.2 Mapping between the reduced RB Id and the COMPLETE RB Id

To enable the mapping between a “reduced RB Id” and a full RB Id to be done in-band, it is proposed that the sender RLC entity includes the RB Id at the beginning of the payload when necessary. A bit of the payload, called “Identity Indicator” (II) in the following shall also be used by RLC to indicate the presence of the RB identity in the payload. MAC would be responsible of the allocation of the “Reduced RB Id”, while RLC would be responsible of the contention resolution between the different RBs of the same mobile.

3.2.1 At TBF set up

When a transmitter (whether it is the network or the mobile) has data to send data for a certain RB, it needs first to establish a TBF for that data transfer (see 4.1).

The mapping of the “Reduced RB Id” to the real RB Id could be done in two ways:

· If a “Packet up- or downlink Assignment” is sent (case of a downlink TBF setup or of an uplink TBF setup using two phase access), the reduced RB Id that is allocated for data transmission for this RB could be included in the Packet Assignment message. 

· Otherwise, for example in the case of an ARI based access:

· If less than 4 RBs have been established, or if the ambiguity regarding the received data spans less than 4 RBs (case of an ARI that could possibly be used for less than 4 RBs), the mapping could be implicit: if the MS uses for example “reduced RB Id” 00, it means that the data are meant for the RB with the lowest identity, and so on…

·  Otherwise, the full RB ID shall be included by the sender RLC into the payload. If the RLC mode of the RB  that needs to be identified is “acknowledged”, the full RB Id could just be included in the payload of the first block, since this block will be retransmitted until the network has succeeded to receive it. If the RLC mode of the RB is unacknowledged, then the RB Id shall be included into the payload until an Ack/Nack report is received by the MS that indicates that at least one block has been correctly received. The presence of the RB Id into the payload shall be indicated by the II bits.

It shall be noted that the “Reduced RB Id” management would be MAC functionality. This means that the method described in the first bullet could be used only if the TBF management remains a MAC function. 

3.2.2 While a TBF is ongoing

It can occur that while a TBF is ongoing, data need to be transmitted for a RB that so far has been inactive. Assuming that there is still an unused “Reduced RB Id” onto this TBF, the data could then be transmitted over the same TBF, using another “Reduced RB Id”. Then, the receiver has to be informed of the identity of the RB that is allocated the “Reduced RB Id”. To do so, two methods could be used:

· If less than 4 RBs have been set up between the transmitter and the receiver, the mapping could be implicit: the transmitter shall use for example “reduced RB Id” 00 for the RB with the lowest identity, and so on…

· Otherwise, the full RB ID shall be included by the sender RLC into the payload. If the RLC mode of the RB  that needs to be identified is “acknowledged”, the full RB Id could just be included in the payload of the first block, since this block will be retransmitted until the network has succeeded to receive it. If the RLC mode of the RB is unacknowledged, then the RB Id shall be included into the payload until an Ack/Nack report is received by the MS that indicates that at least one block has been correctly received. The presence of the RB Id into the payload shall be indicated by the II bits.

4 Conclusion

This paper proposes to introduce multiplexing at MAC level only, and not at RLC level. A solution is proposed to allow up to four different RLC entities to be multiplexed over the same TBF by introducing a new field, the “Reduced RB Id” into the MAC header, and by having RLC including an “Identity Indicator” into the payload. To do so, it is proposed to reuse some of the fields defined today in the EGPRS headers. MAC would then be responsible for the management of those “Reduced RB Ids”, while RLC is responsible for the contention resolution between the different RBs that belongs to the same user. 
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