Page 1

3GPP TSG RAN WG1 #59
R1-094997
Nov 9 – 13, 2009

Jeju, Korea 
Agenda item:
7.8.2
Source: 
Qualcomm Europe

Title: 
Preliminary Performance Evaluation of Type II Relays
Document for:
Discussion
1
Introduction
In the March RAN1 meeting [1], a WF for studying Type II or “transparent” relays was agreed. Since then, there have been a few different proposals to implement Type II relaying, and concerns as well as potential resolutions to some of these concerns have been proposed in different contributions, [2][3][4]. The performance of Type II relays have been studied in [5][6][7].
This contribution presents initial DL performance results comparing Type I and Type II relays. We consider the latest channel model, assuming separate LOS and NLOS terms [8]. A genie-aided Type II Relay performance will be compared against two Type I Relay schemes, i.e., the basic L3 relays and advanced L3 relays discussed in [9].
In particular, basic L3 relays act like a regular cell with wireless in-band backhaul.  The cell selection algorithm is based on highest DL received power among all macro cells and relay cells. Advanced L3 relays deploy range expansion cell-selection algorithms and cooperative silencing schemes. Since dominant interference from macro cells to UEs served by relays are effectively mitigated, a range expansion cell-selection algorithm can be used to increase the number of UEs that can benefit from relay deployment, hence improving the overall system performance.
For all the Type I and Type II relay schemes studied in this contribution, we consider a two-hop design where the relays connect directly to the macro cell.
2
Discussion
Type II relays are differentiated from Type I relays by not having independent cell ID and control channels. A Type II relay is assumed to enhance the direct link communications between a macro cell and a UE through HARQ retransmissions. Broadly, we simulate the Type II relaying proposal described in [4]. In particular, we rely on synchronous, non-adaptive HARQ so that there is no need for the eNB to communicate the assignment corresponding to each retransmission to the relay node. This results in some simplification in HARQ timelines and the associated latencies, as well as the transmit/receive functionality of the relay node as described in [4]. Other forms of Type II relaying can of course be considered as well; the potential capacity benefits would then have to be traded off against the feasibility and overhead of the more complex HARQ timeline. Such optimizations can be explored in future contributions.
The detailed Type II relaying procedures which we simulate are described as follows:

· Macro cell association: The cell selection algorithm used in this contribution for Type II relay is based on DL received power. A UE connects to the macro cell with the highest DL received power using the default Rel-8 RRC connected mobility procedures. 

· Relay association: A UE measures the signal strength of relays served by its serving macro cell. If the signal from the best relay in the cell is stronger than that of the serving macro cell, the UE will identify this relay as the helping relay.
· HARQ procedures: 

· A macro UE, i.e., a UE that does not have a helping relay, carries out normal communication with the macro cell as in a macro-only network. The macro cell schedules data to it targeting first HARQ attempt. 
· A relay UE, on the other hand, is able to receive help from the helping relay on the second HARQ attempt. Therefore, the macro cell determines the MCS of a relay UE targeting the success of the second HARQ attempt such that relay UEs may benefit from the helping relay’s signal boost. On the first attempt, both relay and UE attempt to decode the packet. If the UE does not decode the packet and the relay decodes the packet after the first attempt, the relay transmits the same code blocks as the serving cell on the second attempt. As a result, the relay UE receives a boosted signal strength on the second attempt due to over-the-air combining of the direct link and access link signals.
3
Numerical Results
3.1 
Simulation assumptions

DL simulations are carried out for a 10 MHz system for the dense urban scenario (D1) with 25 UEs per macro cell [8]. In all cases, EGoS scheduler is used to improve the edge user performance. 

To simplify the comparison, SISO channel with no fading is assumed. Evaluation of Type II relay over MIMO channels is more complicated because the relay performance depends strongly on the assumption of new UE feedback and relay  macro CoMP procedures. Having the relay use the same precoding matrix as the macro cell is clearly suboptimal. 

A genie-aided Type II relay scheme is evaluated assuming perfect macro-to-relay backhaul link. In other words, the relay is assumed to always decode the first HARQ transmission sent from the eNB and subsequently to help on the second attempt on access link, sending the same HARQ retransmission packet as the macro cell. Note that the system performance will degrade if we take practical backhaul channel quality into account.
The basic L3 relay simulation results shown here assume that the relay node can transmit data in any subframe in which it is not scheduled on the backhaul. This is a somewhat optimistic assumption since in practice the access-backhaul partitioning for any given relay will have to be determined in a semi-static manner. 

The advanced L3 relay simulation results shown here are implemented with practical range expansion technique with static subframe partitioning between access and backhaul links. In particular, some of the subframes are used by relay nodes to serve relay UEs, while the remaining subframes are used by the macro to serve both relays as well as macro UEs. The macro cells do not transmit in subframes used by relays to serve relay UEs, so that relay UEs do not see interference from high-powered macro signals. 

3.2 
Simulation results

Table 1 shows the tail and median UE throughput for genie-aided Type II relay and Type I relay deployments. Figures 1 illustrates the mobile throughput gain of the macro + relay deployments relative to the macro-only deployment.
Table 1 Throughput per UE in kbps for different relay deployments. 
Numbers in parentheses represent gain w.r.t. macro-only deployment

	
	Genie-aided Type II Relay
	Type I Relay:

Basic L3 Relay
	type 1 Relay:

Advanced L3 relay

	
	5% Tail
	Median
	5% Tail
	Median
	5% Tail
	Median

	Macro Only 
	164
	236
	164
	236
	164
	236

	

	2 RNs
	163 (-1%)
	241 (2%)
	180 (10%)
	276 (17%)
	195 (19%)
	326 (38%)

	4 RNs
	176 (7%)
	253 (7%)
	210 (28%)
	310 (31%)
	199 (21%)
	399 (69%)

	10 RNs
	192 (17%)
	279 (18%)
	257 (57%)
	393 (67%)
	254 (55%)
	498 (111%)
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Figure 1. Per UE median and tail throughput gain w.r.t. the macro-only baseline.

It can be seen that the two Type I relay schemes have much larger gain w.r.t. the macro-only baseline compared to the genie-aided Type II Relay. With 10 relays per macro cell, the median throughput gain of genie-aided Type II Relay is 18%, while the gains of the Basic L3 Relay and Advanced L3 Relay are 67% and 111%, respectively. 
A few reasons may be attributed to the limited gains of Type II relays:

1. Type II relays’ support for cell splitting on the access link is difficult. In a Type I relay deployment, each relay node is an independent cell which naturally allows spatial multiplexing of multiple relays. The spatial multiplexing order grows linearly with the relay density. In a Type II relay deployment, the spatial multiplexing order of access link is the same as the MU-MIMO multiplexing order of the macro cell. For a macro cell with two Tx antennas, the maximum MU-MIMO multiplexing order is two.

2. Since Type II relays only help in retransmissions, there is substantial resource wastage. More specifically, combining relay and macro signals is beneficial only when the two signals are of comparable strength, which happens over a relatively small fraction of the cell area. This means that there is little benefit for the macro cell to commit resources to this UE when the relay is transmitting. Type I relay schemes, on the other hand, do not require the macro cell to transmit to the UE when the relay is forwarding data. Instead, the macro cell may better utilize the resource by sending data to a macro UE or another relay.
4
Conclusions
This contribution provided initial DL system performance upper bound of a Type II Relay implementation with the assumption of error-free backhaul link decoding. Control channels between macro and UE, relay and UE, and macro and relay are also assumed to be error free.

For comparison purposes, two practical Type I relaying schemes were evaluated with true backhaul link decoding modeling. It was found that Type I relays out-perform the genie-aided Type II relays for various relay densities. 
The limited performance of Type II relays is in part due to the lack of cell splitting on relay to UE link, inefficient macro resource utilization and control channel limitations.
Modeling of Type II relay backhaul link decoding errors and control channel errors are expected to degrade further the performance shown in this contribution. At the same time, some enhancement to the Type II relay performance should be possible with further algorithm/parameter optimization. 
Therefore, other Type II relaying designs could potentially be evaluated. For example, the constraint on synchronous HARQ can be relaxed, but the corresponding control channel constraints/latencies will have to be taken into account.
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