
3GPP TSG-RAN WG1 Meeting #68
R1-120653
Dresden, Germany, 6 - 10 February 2012

Agenda item:

6.5.1
Source:



Nokia Siemens Networks
Title:
Multiflow with single- or dual-stream MIMO 

Document for:

Discussion, decision
1.
Introduction

This document presents system simulation results when Multiflow is used in conjunction with single-stream or dual-stream MIMO. We show that there are extents of system load and channel scenarios where either Multiflow, single-stream or dual-stream MIMO or the simultaneous usage of both is beneficial. From these results, we conclude that a system would benefit from supporting both, Multiflow and single-/dual-stream MIMO, and their simultaneous use.
In order to enable co-usage of MIMO and Multiflow, we further propose that if a UE is in a HO regime, the RNC shall signal to the involved BSs a maximum number of streams to be scheduled to the UE on each carrier. In the example of 2x2 MIMO, the RNC would instruct the BSs to schedule at maximum one stream each to the UE per carrier, in order to avoid that the overall number of streams scheduled from both BSs exceeds the number of streams reliably decodable at the terminal side. This contribution is extending the earlier discussion paper [2]. A semi-analytic analysis of MIMO in the context of Multiflow was also provided in [3].  
2.
Simulation assumptions
Basic simulation assumptions are in accordance to section 6.1 of [1]. Additional assumptions are shown in Table 1.

Table 1: Simulation assumptions complementing those in section 6.1

	Parameters
	Comments

	Cell transmit timing
	Ideal sub-frame boundary alignment

	Carrier Frequency
	As defined in Section 6.1

	Antenna pattern
	2D-pattern as defined in section 6.1

	Channel Model
	PA3, VA3 

	Scheduling
	TDMA, e.g. the entire usable code tree assigned to one UE per cell at a time

	Transmit schemes considered
	SIMO: 30% pilot or other overhead power per transmit antenna

Single-/dual-stream MIMO: 30% pilot or other overhead power

	UE Receiver Type
	All terminals are assumed to use Type 3i receivers, which have perfect knowledge on the interference covariance received from all base stations. 

	Flow control on Iub
	Ideal and instantaneous

	HS-DPCCH decoding
	Ideal


3.
Simulation Results

In this section, we compare the following different MIMO and Multiflow configurations:

•
SIMO (1x2) with or without Multiflow enabled,

•
single-stream MIMO (2x2) with / without Multiflow,

•
and adaptive single-/dual-stream MIMO (2x2) with or without Multiflow enabled. In this case, we only apply single-stream MIMO (2x2) to all users who are in a HO area, to ensure that these only receive at max two streams in total from both BSs. 
In Figures 1 and 2, cumulative distribution functions (CDFs) are shown for all terminals and for the different configurations stated above. The plots represent different system loads (with 1 or 8 UEs on average per cell, respectively), and channels of low or high delay spread (i.e. PedA and VehA, respectively). In the PedA cases, we can see that throughout the complete user CDF, there is an almost equal benefit of using single-stream MIMO instead of SIMO, as this provides a similar beamforming gain to users regardless of their location. On top of this, the option of adaptive single-/dual-stream MIMO provides an additional rate boost for UEs at the upper end of the CDF. These are the terminals with a high SNR, for which dual-stream MIMO can be applied in most cases. When comparing different cell loads, one can see that the benefit of single-stream MIMO is slightly increased for 8 UEs per cell, as the array gains becomes more valuable under low SINRs, but the additional benefit of dual-stream MIMO is slightly reduced due to the lower SINR. For higher load, the gain from Multiflow is reduced, as there are fewer cases where empty resources in adjacent cells are available. In VehA channels, activating single-stream MIMO is not beneficial, as frequency-selective channels prevent a good coherent overlap of precoded signals at the terminal side. If adaptive single-/dual-stream MIMO is activated, it is just possible to reach the original SIMO performance again. Multiflow gains are rather independent of the channel delay spread, and hence more or less the same as before.

While the plots in Figures 1 and 2 give a good insight into the overall system benefit from using different combinations of MIMO and Multiflow, we now want to have a closer look at the users in S(ofter)HO areas.

Figure 3 shows the CDFs of users in SHO areas, for PedA channels and a low or high cell load, respectively. In the former case, we can see that it is in general beneficial for most UEs to be served with MIMO, regardless of whether Multiflow is also enabled. In the case of Multiflow, the best 25% of UEs suffer from using MIMO. This is due to the fact that MIMO introduces signals with a weaker spatial signature into the system (since e.g. pilot power originates from two different transmit antennas rather than one), which are difficult for type3i receivers to reject. When the system load is increased, the level of overall interference becomes increased, and this effect is less pronounced. In fact, for a higher system load, we can again see an average gain from using Multiflow in conjunction with MIMO.

Figure 4 shows the CDFs of users in SofterHO areas, again for PedA channels and a low or high cell load, respectively. The effects observed before for SHO users are more pronounced than before, i.e. more Multiflow users suffer from the application of MIMO, since the users are operating in a higher SNR regime. If the cell load is increased, this effect again becomes less visible, and the average rate obtained with Multiflow or Multiflow and MIMO is roughly the same again.

In general, using MIMO increases the performance of the weak users, i.e. the 10th percentile of users.
Figure 5 summarizes the average burst rate gains that can be obtained by using either Multiflow, MIMO or both in different load scenarios and different channel conditions. We can see that especially under PedA channels it is beneficial to combine Multiflow and MIMO, at least when assuming the mentioned constraint that terminals in HO areas only receive one stream from each BS. 
Figure 6 summarizes the average burst rate gains for users in HO region that can be obtained by using either Multiflow, MIMO or both in different load scenarios and different channel conditions. We can see that especially under PedA channels and for it is beneficial to combine Multiflow and MIMO. Note that for the HO users the MIMO transmissions were restricted single stream only.
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Figure 1. User burst rate CDFs of all UEs depending on whether SIMO/single-stream MIMO and Multiflow or a conjunction of schemes is used. Pedestrian A 3 km/h.
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Figure 2. User burst rate CDFs of all UEs depending on whether SIMO/single-stream MIMO and Multiflow or a conjunction of schemes is used.
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Figure 3. User burst rate CDFs of UEs in SHO areas depending on whether SIMO/single-stream MIMO and Multiflow or a conjunction of both is used.
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Figure 4. User burst rate CDFs of UEs in SofterHO areas depending on whether SIMO/single-stream MIMO and Multiflow or a conjunction of both is used.
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Figure 5. Overall average gains for all UEs from Multiflow, MIMO, or combinations of both, for different cell loads and PedA or VehA channels, respectively.
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Figure 6. Average gains for all UEs in HO areas (SHO and SofterHO) from Multiflow, MIMO, or combinations of both, for different cell loads and PedA or VehA channels, respectively.

5.
Conclusions

We conclude that

•
Multiflow provides largest gains for cell-edge users at low cell load, and is independent of delay spreads,

•
single/dual-stream MIMO provides improve 10th percentile burst rates, and improved average burst rates in particular for PedA channels and for an increased load.
Consequently, a system would benefit from supporting both Multiflow and single-/dual-stream MIMO and the simultaneous usage of both.
Proposal 1: Multiflow with MIMO on the same carrier should be supported
To enable a smooth co-usage of MIMO and Multiflow, we propose to let RNC signal to BSs how many streams these may schedule to a UE in a HO regime on the same carrier, in order to avoid that a UE may receive a total number of streams from both base stations which it may not be able to reliably decode. In the example of 2x2 MIMO and a UE receiving Multiflow from 2 BSs, this would mean that the RNC would instruct the BSs to schedule at most one stream each to the UE per carrier, regardless of the UEs PCI/CQI feedback.

Proposal 2: The RNC signals to BSs how many streams these may schedule to a UE in a HO regime on the same carrier. 
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