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On New Study Item on Multi-User MIMO
1 Introduction

At GERAN#59 a new technique on Virtual UL MIMO was described and evaluated. Based on the results it was proposed to start as a Work/Study Item, see [2]. 
Several aspects of the proposal were discussed at the meeting, but no Work/Study item was started. Between GERAN#59 and GERAN#60 the proposal has been updated, see [4].

Similar techniques as MU-MIMO, i.e multiple users transmitting in the same radio block period has earlier been investigated in for example [9][5] for the DL and [6],  for the UL. None of the proposed solutions was at the time of discussion implemented in the GERAN specifications.
In this contribution some of the comments from the sourcing company provided at GERAN#59 have been elaborated, and additional comments have been provided to both [2] and [4] on the scope of the current SI.

2 Comments to the SI proposal
General comments
The primary objective of the work from [4] is to increase the number of connections supported per PDCH. A solution, i.e. UL MU-MIMO, designated to fulfill this objective is also mentioned both in the justification and objectives section of the WID. It is not clear to the sourcing company that this is the solution to fulfill the objectives of the work, unnecessarily restraining the study to a predefined solution.
It is proposed that the study is written in a more general scope involving MU-MIMO as one solution to fulfill the stated objective to increase the number of connections supported per PDCH on the UL.

The sourcing company further agrees e.g. on the importance of studying the impact on BTS complexity and on legacy services as already stated in [4], but believes that additional consideration and objectives are needed to establish the feasibility of the studied solutions. In the following sections a number of challenges that motivates the existing objectives in [4] are presented along with proposals on two new objectives. 
Scheduling

It is known, especially in case of bursty data transmissions from the MS, that the potential of optimum utilization of the UL spectrum is demanding for the network since the Tx data buffer state of the MS (i.e. if the MS has data to transmit) is not known. The network will have to some extent blindly schedule mobiles on the UL to prevent too large delays in resuming an payload transmission on an UL TBF for which there is temporarily no more payload to send (i.e. the Countdown Value field does not help a BSS to determine when it should re-start scheduling USFs to resume an uplink transmission). 

Earlier discussion on this type of problem for running VoIP over GERAN, see [5] and [6], has been extensively discussed with no conclusion on needed specification work. The same problem as for VoIP generally exists for bursty data transmissions where a buffer status indication (e.g. a simple indication of the availability of additional uplink payload) from the MS would help the network to better make use of the UL spectrum.

It is proposed to study the requirements on and aspects of UL scheduling when performing the in [4] mentioned objective on system and link level simulations.
Link Quality Control

In the case of MU-MIMO, efficient operation requires that suitable MCSs should be used. This implies that the network needs an estimation of the quality on the radio links and needs to command the MCSs in a timely manner.
The commanded MCSs should be different depending on the user pairing and depending on the transmission mode (MU-MIMO or non-MIMO transmission). It should be investigated how efficient this type of Link Quality Control can be performed. 
Similar issues exist for VAMOS, but in this case the AMR codec rate can be dynamically adapted when, for example, the DTX state of the paired user is changed.
If the MU-MIMO feature is targeted to MTC and small data transmissions it should be investigated if and how well the link quality can be estimated before the data transfer possibly is already over (i.e. considering the brief nature of small data transmissions there will be little opportunity for the BSS to evaluate uplink performance and choose the suitable MCSs).
In Figure 1 an example is provided on possible implications of the link quality control. Here it can be seen for example that at the operating point of the dashed black line in receive diversity mode (i.e. single user is transmitting), the optimal MCS to use is MCS-9. Keeping the same radio conditions but instead allowing a new user to simultaneously transmit on the same resources (i.e. going into MIMO transmission) would mean an optimal MCS of MCS-6. If instead MCS-9 is used then there is a severe degradation of the overall throughput (from around 55 kbps/TS to 18 kbps/TS).  
On one hand, a prompt (or timely) change of MCSs in accordance to the varying paring situation is needed to benefit the most from UL MU-MIMO; on the other hand, in case one of the paired MCSs only transmits a few blocks of data (MTC small data transmission) the command of MCS change, in the given example, from MCS-9 to MCS-6, and then back to MCS-9 could impose a high control signaling overhead burden. 
Realistic modeling of both traffic models and control signaling is needed to understand the requirements for effectively managing these types of scenarios. Further, the traffic model of the MTC device can make prediction of the uplink buffer status of a given user difficult. In this case it might not even be possible to command the paired user to the right MCSs since the network will not know if the USF will give rise to a single or dual stream transmission (i.e. a prediction could be false).
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Figure 1. Ideal LA of EGPRS in Rx diversity and 2x2 MU-MIMO.
It shall be pointed out that in this example it is assumed that the same MCS is used for both MIMO streams and that the imbalance between the two received signals at the BTS is 0 dB. 

It is proposed to study the requirements on and aspects of link quality control when performing the in [4] mentioned objective on system and link level simulations.
Power control

Similarly as for the link quality control, there will be a need to control the power of the users in a MU-MIMO allocation. For PS channels, the principle of the higher the output power the higher the throughput, typically applies.  I.e. as long as the number of packet data connections is not substantial, the spectrum is best utilized by maximizing the throughput (i.e. maximizing the SINR). It is however not clear if this concept can be kept for MU-MIMO. 
As for VAMOS, there is a need to ensure that the users simultaneously received at the BTS are not separated too much in SCPIR to allow the receiver be able to demodulate both streams. There is however a difference between CS services (VAMOS) and PS services (MU-MIMO) in this regard since for CS, a specific quality of service is typically targeted. Although the targeted quality might differ between codecs (different codecs in the two streams) the received signal strengths are not expected to differ more than what can be handled by the receiver. 
For MU-MIMO one user might have to adapt its power control level to ensure reception of both streams at the BTS with acceptable quality thereby potentially underutilizing the spectrum compared to legacy transmission mode (only using a single stream). This aspect should be modeled by the study.
As for the link quality control, a proper estimation of the path loss is important to make an appropriate choice of the power control level. Since the proposed solution is targeted for MTC (and small data transmissions) it should be investigated how well the path loss can be estimated given a short burst of data every time the device accesses the system. It should be noted that an erroneous choice of power level will not only affect the MTC user but also the paired user that may use a sub-optimum MCS and/or power control level (in legacy transmission the sub-optimum chouce of MCS/power level would primarily only impact the data transmission for the user itself).
It is proposed to study the requirements on and aspects of power control when performing the in [4] mentioned objective on system and link level simulations.
Addressing space

Multiplexing more users onto the same physical resource might result in a more constrained situation for identifiers in the system. In [3] the possibility of assigning a single user two different USF values is exemplified to allow for a flexible pairing. It is not clear if the concept is limited to two USF values, but at least conceptually using more values will result in a more dynamic pairing. 
However, even with the use of two USF values per user, the current USF identifier space could become more constrained than today. I.e. introducing the UL MU-MIMO technique might also increase the need for identifier addressing space, and in effect this might be the first bottleneck that is reached, not even allowing for an efficient user pairing on the same resources. The problem with PTCCH is already identified in [5] but it is not clear that this is the only identifier impacted. 
It is proposed to evaluate the impact on, and if needed possible extension of, EGPRS addressing space due to facilitate extended UL capacity.
Control signaling overhead

As already pointed out in Section 2.4 the added complexity of user pairing might result in more frequent re-configurations of the TBFs to utilize the spectrum efficiently. More frequent power level and/or MCS and/or USF changes imply an increase in the control signaling overhead on both DL and UL. It is the sourcing companies’ view that this aspect should also be included in the future study.
It is proposed to study the requirements on and aspects of control signaling overhead when performing the in [4] mentioned objective on system level simulations.
Impact on power consumption
With the target of the study towards MTC, the possible increase in number of blocks needed to be transmitted by the MS to transfer its data it should be considered to evaluate the possible impact on battery life. Looking at Figure 1 the only SINR range where MIMO improves spectral utilization with a factor of two (implying that the same number of blocks are required as for receive diversity) is at high SINR ranges.
It is proposed to include evaluation on the impact on MTC terminal power consumption to support extended UL capacity.
TSC

Both the ongoing DL MIMO study [7] and the proposed new SID on Multi-user radio block period are dependent on new TSCs to be defined for 8PSK, and for DL MIMO also for 16QAM and 32QAM. 
One approach proposed is to extend the current binary defined GMSK VAMOS TSCs (Set 2) to higher order modulation schemes. With such an approach the limitation of the VAMOS TSC design, in that it was primarily designed for paired TSCs of the same modulation, still apply. 

Considering that…
· the potential gain of mixing modulations in the DL MIMO study

· a new TSC design would apply equally to both DL and UL

· the increased use of network synchronization for GSM/EDGE systems where inter-cell TSC correlation is of interest where a proper TSC design would improve the spectral efficiency of the system
...the sourcing companies believe that a separate work item focusing on re-designing TSCs would be of interest for both the DL MIMO study, the new potential SI on MU-MIMO, but also as a stand-alone feature. The capability support of new TSCs can be separately indicated, and would be a mandatory requirement to support new standardized features such as DOMIMO and MU-MIMO. See [10] for more information. 

3 Discussion/Conclusion
The paper discusses a number of aspects of the proposed study item on multi-user radio block periods. 

It is the sourcing company’s view that it is not clear that the targeted solution of UL MU-MIMO provides the best solution to the identified problem at hand and thus that the study scope should be widened to allow the investigation of techniques that can improve the spectral efficiency in the UL by allowing multiplexing of more users on the same PDCH. 
The following aspects have been identified that are partly or not covered by the currently proposed SID, [4]:
· Link Quality Control

· Scheduling

· Power control

· Control signaling overhead

System and link level simulations are already part of the proposed SI scope and are felt suitable for the evaluation of the above mentioned aspects. Two new objectives associated with the below aspects have also been proposed; 

· Addressing space 

· MTC terminal power consumption
It is further proposed that the work on extending the TSC definitions, common to both the SID in [4] and the ongoing SID on “Downlink MIMO” is taken outside the studies as a separate Work Item, allowing separate MS capability support for an extended TSC design.
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