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Multiplexing Radio Blocks in the Uplink - Concept Description
1 Introduction

Support for machine type communications (MTC) devices in GERAN has been studied in the GERANIMTC SI since Rel-10 (see [1]), focusing on investigating overload control within the scope of smart metering applications. Some findings of the study (e.g. Implicit Immediate Assignment Reject) have been specified as part of Rel-10.
This document focuses on one of the objectives envisaged but left unstudied in the GERANIMTC SI to “study GERAN enhancements which enable or improve efficient use of RAN resources and/or with lower complexity when a large number of MTC devices are served” (see [1]).
As observed in [2], the downlink-dominated traffic characteristic of human to human communications is reversed by large margin in typical M2M communications categories, with more than 80% of devices indicating larger uplink traffic volumes. To efficiently serve the large amount of MTC traffic with today’s RAN resources and without a major impact to legacy CS and PS services, the sourcing companies propose to investigate  the “uplink virtual MIMO” feature for EGPRS.
Uplink virtual MIMO is a mature technique adopted already in VAMOS which has been specified in Rel-9 for voice capacity enhancement for GERAN. This technique can be reused in the PS domain to allow allocating the same radio block period of an uplink packet data channel to more than one MS. Like in VAMOS, only one of the MSs being multiplexed is required to support this feature, enabling the bearing of MTC traffic generated by legacy (low cost) devices along with mobile data traffic generated by smart phones without deploying additional TRXs.
2 Multiplexing Radio Blocks in the Uplink
2.1 Overview
To enable simultaneous data transmission of two MSs in the same uplink packet data channel, the two MSs are each assigned a mutually orthogonal training sequence for the purpose of uplink transmission. The downlink channel assignment, on the other hand, does not need to be changed. This is illustrated in Figure 1, where MS1 can be a legacy EGPRS MS, while MS2 is required to use different training sequences for downlink reception and uplink transmission.
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Figure 1.  Channel assignment for uplink virtual MIMO

In addition, a common (or “shared”) USF is assigned to both MSs. The network can pair the two MSs in a given radio block period by transmitting a downlink radio block containing that USF in the previous radio block period.

Unlike in VAMOS, “paring” in the PS domain is a much looser concept which can operate on a per radio block period basis. Suppose MS1 is assigned USF1 and TSC1 (for both downlink reception and uplink transmission), MS2 is assigned USF1, USF2, TSC1 (for downlink reception) and TSC2 (for uplink transmission), and a third MS, MS3, is assigned USF2 and TSC1 (for both downlink reception and uplink transmission). The network can pair MS1 and MS2 by transmitting a downlink radio block containing USF1 in some radio block periods, and pair MS2 and MS3 by transmitting a downlink radio block containing USF2 in some other radio block periods, as illustrated in Figure 2. To support such a flexible pairing scheme, an uplink virtual MIMO aware MS like MS2 should be able to monitor multiple USFs on the downlink packet data channel. On the other hand, whether and when to pair which two MSs is totally under network control, and is transparent to any affected MS.
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Figure 2.  Pairing radio blocks from uplink TBF pairs
Other means of paring is also possible. Figure 3 shows an example of paring one radio block from a downlink TBF and another radio block from an uplink TBF. The network first polls one MS (i.e. MS1) via RRBP in radio block period N, commanding it to transmit a radio block in radio block period N+3, and then schedules another MS (i.e. MS2) by transmitting a downlink radio block containing the USF intended for that MS in radio block period N+2.
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Figure 3.  Pairing radio blocks from one downlink TBF and one uplink TBF

Both MSs being paired can use a GMSK modulator, in which case the same SIC or JD receiver designed for VAMOS can be fully reused in the BTS (possibly with some minor software modifications to adapt it to the PS domain). Support for 8-PSK/8-PSK and GMSK/8-PSK modulation combinations is also possible with an enhanced MIMO receiver. Like in VAMOS, no impact to the BTS hardware is expected.
In case an uplink virtual MIMO aware MS has no data to send when being scheduled by a shared USF, it may be beneficial to prohibit the MS from transmitting any dummy block in order to avoid unnecessary uplink interference to the paired MS.
2.2 Training sequences
For GMSK modulation the same TSC pairing scheme for VAMOS can be used. For 8-PSK modulation, as suggested in [3] for downlink MIMO, an antipodal mapping of TSC Set 2 can be applied to obtain a new set of training sequences orthogonal to the one used for EGPRS today.

As observed in the MUROS study, pairing of training sequences in TSC Set 1 is also possible, at least for GMSK/GMSK modulation combination.
2.3 Signalling aspects
An MS shall indicate to the network its capability to support uplink virtual MIMO.
The network shall be able to assign two separate training sequences to an MS, for the purposes of downlink reception and uplink transmission, respectively. The assignment can be done in an implicit way, e.g. the assignment of TSC x in TSC Set 1 for downlink reception implies the assignment of TSC x in TSC Set 2 for uplink transmission. Alternatively, the assignment message can explicitly list the two training sequences.
The network shall also be able to assign more than one USF to an uplink virtual MIMO aware MS. The MS shall not be able to distinguish whether a USF assigned to it is a shared USF or a dedicated USF. The network is free to reuse any USF previously assigned to a legacy MS or an uplink virtual MIMO aware MS, provided that the reuse factor of any USF is not greater than two.
2.4 Multiplexing of legacy MSs
As seen in Figure 1, one of the two MSs can be a legacy MS which is totally unaware of whether it will be paired with another MS. The other MS should be uplink virtual MIMO aware.
With some restrictions, uplink virtual MIMO transmission is possible even for two legacy MSs. For instance, the transmission scheme in Figure 2 can also be achieved by assigning TSC 0 in TSC Set 1 to MS1 and TSC 2 in TSC Set 1 to MS2 in the legacy way. In addition to the spectral efficiency gain, another benefit lies in the fact that a different TSC creates another dimension for identifier (e.g. USF) reuse, increasing the number of connections allowed on one packet data channel. The only restriction is that now a downlink data block intended for MS1 (or any other MSs assigned TSC 0) cannot carry a USF intended for MS2 (or any other MSs assigned TSC 2), degrading both downlink and uplink scheduling efficiency to some extent.
2.5 Application
As mentioned earlier, support for MTC devices poses a great challenge to the uplink packet data channel capacity. By supporting uplink virtual MIMO the network in theory doubles the uplink packet data channel capacity (i.e. number of supported MTC connections), and this is done without deploying additional hardware in the BTS. In fact, scheduling of low-mobility MTC devices are expected to be very efficient, because the radio conditions of such devices rarely change frequently, making it very easy to determine which of them can be paired with which other and which of them cannot.
MTC access is also made possible without affecting traditional mobile data services even in busy hours. Since an MTC device often comes with low access priority and delay tolerant service requirement, scheduling of such a device can be done in an opportunistic way. For instance, an MTC device is assigned one USF which is shared by an H2H device, but the latter is in addition assigned a dedicated USF. The network schedules the dedicated USF with higher priority, and only schedules the shared USF when it is believed that this will not have an impact to the uplink TBF established for the H2H device (e.g. when the H2H device stops responding to the dedicated USF). The network can resume the normal scheduling of the dedicated USF once the H2H device responds to the shared USF.
Further, as illustrated in Figure 3, even downlink TBFs can benefit from the technique. The network can schedule a PDAN with much more flexibility, without worrying too much about a clash with radio block periods reserved for uplink TBFs. In that sense, uplink virtual MIMO provides the functionality of “fast ACK/NACK”, without the need to piggybacking the information in a reverse TBF of the same MS like in FANR. Also worth noting is that the faster ACK/NACK is provided for both supporting and non-supporting MSs, giving today’s smart phones more opportunities to reduce the round trip time of a downlink TBF.

3 Proposal

This paper describes a potential data capacity improvement (i.e. uplink virtual MIMO) for GERAN targeting the support for data transmission of a large number of MTC connections. By means of common USFs and orthogonal training sequences, the MTC traffic can be multiplexed with traditional mobile data traffic in the same radio block period of the same uplink PDCH without a major impact to the latter. 

Simulations performed so far (see [4]) have shown very promising gains without affecting existing mobile data services and without deploying additional TRXs. 

It is thus proposed that either a study item or a work item is created in GERAN for uplink virtual MIMO in Rel-12.
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