3GPP TSG-RAN WG1 #64
R1-111330
Barcelona, Spain, May 9 – May 13, 2011
Source:
Ericsson, ST-Ericsson

Title:
Considerations on Real-Life DL MIMO Aspects
Agenda Item:
6.3.2.1
Document for:
Discussion and Decision
1. Introduction
LTE is a relatively young standard and the rapidly increasing deployments of LTE are still in their infancy. Experience of real-life deployments in the field is therefore significantly higher now than when earlier releases were standardized. As deployments become more common it is reasonable to expect that unforeseen challenges arise in the field, challenges that deserve attention in future standardization efforts. Modified or new functionality in RAN1 specifications as well as performance requirements in RAN4 specifications are all important tools that can help in overcoming issues found in the field.
The downlink MIMO study item [1] identifies scenarios with geographically separated antennas as a high priority   area. Distributed antenna systems for indoor use is a classical example of a scenario where cell coverage over an area is typically ensured by deploying many antennas at different locations. But distributed antenna principles are also closely related to RRU based outdoor heterogeneous deployments (c.f. Scenario 4 in the CoMP study item) and CoMP techniques such as joint transmission. In a distributed antenna scenario, different antenna ports may sometimes correspond to physical antennas spaced quite far apart. In principle, LTE is supposed to be able to handle that via the antenna port concept. However, in practice, equipment may not always behave as expected.
In this contribution we present an interesting phenomenon related to the mapping of antenna ports to physical antennas seen in measurements using Rel-8 equipment in an indoor deployment with distributed antennas.

2. Measurement Setup and Results
Measurements on a Rel-8 LTE indoor deployment were conducted to asses the performance of a promising scheme for distributing antenna ports in an interleaved fashion among geographically separated antennas [2]. Roughly speaking, every other antenna is transmitting antenna port 0 while the other antennas are transmitting antenna port 1. This is exemplified in Figure 1. 
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Figure 1: Geographically separated antennas where every other antenna
transmits antenna port 0 and the other antennas transmit antenna port 1.

An advantage of an interleaved antenna port deployment is a reduction in the need of cabling (primarily when upgrading existing passive based distributed antenna systems to support MIMO) and halving the number of antennas compared to deploying two co-located antennas per site (i.e, a geographic position for one or more antennas). Upgrading existing antennas deployments originally using SIMO to use MIMO may also be considerable simpler with less efforts that need to be spent on laying out new cabling or adding antennas. For the same total number of antennas, it is reasonable to expect that the interleaved approach performs better than the co-located one since the inter-site distance needs to increase when two antennas are used per site. These points make it valuable for LTE to support such an interleaved antenna port scheme to provide ample opportunities for an efficient deployment. 
The indoor environment considered in this contribution consists of one floor of an office building. Sites for antennas are placed in the corridors connecting various rooms for office space. Measurements were conducted for a Rel-8 LTE UE moved at walking speed through the corridors. The antenna site deployment and port to antenna mapping relevant for the presented results are illustrated on principle level in Figure 2. The UE was configured to use 2x2 spatial multiplexing with rank adaptation and the eNodeB is configured to follow the UE recommendation on rank. 
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Figure 2: A corridor where the antenna ports are interleaved across the antenna sites.
With the interleaved antenna port deployment strategy, we would expect significant two-layer spatial multiplexing gains from two-layer spatial multiplexing between the sites, where the two CRS antenna ports are well-balanced in terms of receive power. Close to a site, the two antenna ports undergo a very large difference in receive power, on the order of 35 dB, creating a highly rank-deficient channel. Rank-one reporting and transmission should therefore be more likely, although that would also depend on the received signal level, which is now substantially stronger because of the short distance to the site. In any case, the performance close to a site is expected to be very good because of the strong signal.
Measurements of throughput and RSRP as the UE was moved along the corridor from one site to another illustrate an interesting issue compared to the above mentioned expected performance behavior. The left part of Figure 3 shows the RSRP as reported from the UE where the peaks, as expected, corresponds to the UE being close to the site with a high RSRP level. Surprisingly, these RSRP peaks correspond to exceedingly low throughput close to zero, as shown in the right part of Figure 3. It turns out that rank-two is reported most of the time. Between two antenna sites, this is a strategy that results in good performance. As the UE comes close to a site, rank-one starts to be reported but rank-two is also common, particularly at the very peaks of the RSRP curve corresponding to the lowest points on the throughput curve.

It seems that it may be problematic for the UE to handle a situation when one of the two antenna ports is much stronger than the other port. The performance drops to such a low level that an interleaved distributed antenna deployment strategy is severely hampered if many UEs exhibit a similar behavior.

Observation

· Measurements on an indoor distributed antenna deployment indicate that existing UEs may not always be designed to cope with antenna ports having a very large imbalance in terms of received power.
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Figure 3: Throughput and received signal strength variations moving from point A to point B.

3. Discussion

The measurements on Rel-8 equipment described in the previous section illustrate how unexpected phenomena may arise once a standard is practiced out in the field. This may in some cases lead to unnecessary restrictions in the type of deployments that are feasible. It is therefore important that the future standardization efforts keep in mind that antennas may be distributed so that new network deployments can rely on a consistent UE behavior that is flexible with respect to the deployment strategy. 
Proposal

· Explicitly consider distributed antenna deployments in future standardization efforts to avoid unnecessarily restricting deployment strategy choices

RAN4 performance requirements for scenarios where the antenna ports experience substantially different conditions deserve to be considered. But RAN1 specifications may also be exploited for ensuring a more precise and desirable UE behavior that ensure continued efficient operation even for deployments that so far has received less attention in standardization. Improvements in the robustness of rank adaptation may be one area worth to explore further, in particular in view of that the way the UE performs rank reporting is currently left unspecified.
Proposal

· Consider how to ensure robust performance when UE receives signals from different antenna ports that are transmitted from geographically separate locations. Possible remedies include:

· RAN4 UE performance requirements addressing the area of flexible antenna deployments

· Enhancements in RAN1 specifications to increase robustness of rank adaptation with respect to different antenna deployments

4. Summary and Conclusions
In this contribution we brought up an issue seen in field measurements using Rel-8 equipment in an indoor distributed antenna system. We observed that
· Measurements on an indoor distributed antenna deployment indicate that existing UEs may not always be designed to cope with antenna ports having a very large imbalance in terms of received power.

and consequently propose
· Explicitly consider distributed antenna deployments in future standardization efforts to avoid unnecessarily restricting deployment strategy choices

· Consider how to ensure robust performance when UE receives signals where different antenna ports are transmitted from geographically separate locations. Possible remedies include:
· RAN4 UE performance requirements addressing the area of flexible antenna deployments
· Enhancements in RAN1 specifications to increase robustness of rank adaptation with respect to different antenna deployments
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