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DLMC - Scalable MS support 
1 Introduction

The Downlink Multicarrier, DLMC, feature was started as a work item at GERAN#55, see [1]. 

In short, the feature enables the allocation of multiple carriers to a MS in the downlink, while avoiding additional requirements on the MS hardware to support multiple receiver paths in the RF front end. 

With the increase of DL data rates a need has been identified to extend RLC related functionality, see [2], [3] and [4], as well as extending the TFI identifier space, see [6].
This paper proposes to introduce a scalable support of the extended RLC functionality and TFI extension to limit the implementation impact at the terminal side for cases where the legacy RLC protocol implementation and legacy TFI space are deemed sufficient.

2 Background

RLC operation
When operating in RLC Acknowledged Mode (AM) on the DL, there is a need for the MS to report the reception of RLC data blocks in order for the transmitter to progress the RLC transmit window. This is done in either a PDAN or PAN. 

The sequence number space (SNS) limits the number of Block Sequence Numbers (BSNs) that can be outstanding (i.e. unacknowledged) at any point in time from the perspective of the RLC engine at the BSS (for the case of DLMC). 
The maximum Window Size (WS) of the legacy RLC protocol is 64 for GPRS and 1024 for EGPRS and EGPRS2 with a SNS size of 128 and 2048 respectively.

There are between 1-4 RLC data blocks in a Radio Block depending on the Modulation and Coding Scheme (MCS) used.

Table 1. Maximum number of RLC blocks per feature

	Feature
	Maximum number of 

RLC blocks per MCS

	GPRS
	1

	EGPRS
	2

	EGPRS2-A
	3

	EGPRS2-B
	4


Since EGPRS2-B will not be supported by the DLMC feature (see WA6 in [5]) there will be a limit of 3 RLC blocks per MCS in a DLMC configuration.

TFI addressing space

The TFI space today can address 32 different mobiles on the same PDCHs on a given carrier in the network. A TFI is uniquely defining the TBF across the PDCHs assigned to the MS. Assigning more PDCH resources to the same mobile on multiple carriers as per the DLMC feature implies that more TFIs will be needed.
3 Proposal

One of the objectives with the DLMC feature is to allow for an attractive alternative implementation of the already specified Downlink Dual Carrier (DLDC) feature, as well as allowing configurations with significantly increased data rates compared to DLDC.
In the current specifications a configuration of at most 16 TS (8 TS*2 carriers) is supported (by the use of EFTA and/or type 2 MS). Using EGPRS2-B and DBS-12 this accounts for 32 RLC blocks per TTI. If assuming that the same rate of RLC blocks per TTI is supported in DLMC configuration, using EGPRS2-A and DAS-12 means that up to 22 TS can be assigned.
Based on simulations provided in [5], no, or limited, impact of the maximum achievable throughput is seen when using the legacy RLC protocol at TS configurations up to 20 TS. The results are re-produced in Figure 1 for convenience.
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Figure 1. EGPRS and EGPRS2-A throughput gain with and without  PAN, using RLC transmit window size, 1024 (legacy) and PDAN CS-1 (legacy) [5].

In these simulations it is further assumed that the MS is, during the lifetime of the TBF, configured to transmit on all assigned TS in all radio block periods (i.e. single user scenario with 100% PDCH utilization) using the highest MCSs (with most RLC blocks per radio block) at a constant SINR giving rise to sub-optimum compression for the Ack/Nack report within a PDAN compared to for example a lower BLER level..
Taking the above into account, it is proposed that a threshold is set to allow for the legacy RLC protocol to always be used when the supported maximum number of downlink TS for a DLMC MS is [20] TS or less.
With similar reasoning as for RLC protocol functionality, the need to increase TFI space will be determined by the maximum number of downlink TS a MS indicates support for when in a DLMC configuration.  Although the likelihood of assigning 16 TS will increase with the introduction of DLMC (today mobiles need to support both DLDC, and EFTA or Type2 operation), and thus the consumption of TFI will become more strained, simulations have shown (see figure 1 in [6]) that for the most demanding scenario 16 TS can be supported using the legacy TFI space even with above 90% of DLMC MS penetration, and 24 TS can be supported using the legacy TFI space for around 60% DLMC penetration. Considering the reduced MS implementation that can be realized by avoiding mandatory support for eTFI it is proposed to also use the same threshold of [20] TS for requiring MS support of eTFI.
If a DLMC MS supports more than [20] downlink TS the network shall in the assignment message indicate if extended RLC protocol (extended SNS, WS and increased MCS for PDAN) and extended TFI should be used or not.
WA: An extended RLC protocol (supporting an increased SNS and increased MCS for PDAN message coding) and an extended TFI shall be supported by a DLMC MS only if the maximum number of downlink TS it supports is greater than [20] TS. Which SNS and MCS for PDAN to use as well as which eTFI values to use is assigned by the network for a DLMCMS supporting more than [20] TS.
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