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Discussion
1. Introduction

Cell throughput gains of type II relay proved to be excellent by some simulation studies [1, 2]. An important application scenario in these simulation studies is cooperation with eNB in coverage overlapping areas where CRS and PDCCH of eNB can also be detected by UE. Without having separate PCID, type II relay does not create any new cells and hence a type-II relay should not transmit any CRS when relay and donor eNB have overlapped coverage [3-5, 8]. However, channel state information of RN-UE downlink (or referred as access downlink) is important for UE scheduling in relay covered area. In this contribution, we mainly focus on the access downlink channel measurement of type II relay which does not transmit CRS. In subsequent sections, relay is specifically referred type II relay.

2. Access channel measurement of downlink

UEs of different releases may have different types of reference signals, implying that the mechanisms of channel measurement mechanism can be different. As a result, we discuss this topic from two aspects as for different releases of UEs.
2.1 LTE Rel-8 UE

For Rel-8 UE, downlink channel measurement depends on CRS, i.e. UE acquires downlink channel state information (CSI), such as RI, PMI, CQI, through CRS. The absence of CRS would create issues for CSI measurment. In FDD, frequency bands of downlink and uplink are separated, downlink CSI could only be acquired from CRS, and thus acquirement of access downlink CSI becomes especially difficult. In previous meetings, this problem was referred and some solutions were discussed. It is suggested in [3] that link adaptation of UE served by a relay could be executed through long term statistic of retransmission times and BLER.

In TDD, downlink and uplink channels share the same frequency band. Therefore, downlink CSI measurement based on uplink SRS seems feasible for access link if channel reciprocity can be exploited. For example, as shown in Figure 1, relay receives UE’s SRS and then generates downlink CSI of access link based on measurement results of SRS, such as RI, CQI, etc. This measurement results can be used for scheduling UEs covered by a relay.
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Figure 1: relay receives UE’s SRS

2.2 LTE-A UE

New CSI-RS will be introduced for LTE-A UE to perform downlink channel measurement. Agreements of LTE-A CSI-RS are summarized as follows [6, 7]:

· CSI-RS is cell specific and sparse in frequency and time;

· No mixed use of Rel-8 CRS and Rel-10 CSI-RS for a configured Rel-10 CSI measurement of a given cell at Rel-10 UE.

CSI-RS is sparse in time, which means that CSI-RS transmission does not occur in each downlink subframe. This offers an opportunity for relay to transmit CSI-RS in subframes not occupied by the CSI-RS from donor eNB, i.e., CSI-RS transmissions of relay and donor eNB are time division multiplexed, at the unit of a subframe, or we call it subframe division multiplexing. LTE-A UE performs channel measurement of access downlink based on relay’s CSI-RS. Through this multiplexing scheme, the potential interference between CSI-RS of relay and CSI-RS of donor eNB could be avoided. Meanwhile, the second bullet listed above means that it is possible to keep relay’s CSI-RS transparent to LTE-A UE. Below we discuss three configurations on how to use CSI-RS in type II relay.

· Example 1: Subframe division multiplexing

In example 1, CSI-RS of relay and donor eNB are subframe division multiplexed, CSI-RS of different relays are also subframe division multiplexed, i.e. different relays (of one cell) transmit CSI-RS in different subframes so that CSI-RS from different relays do not interfere with each other. LTE-A UE performs channel measurement through mutually time-orthogonal CSI-RS for all relays in one cell.

Take FDD as an example. Suppose there are three relays in a cell and CSI-RS transmission period of donor eNB is 20 ms, and the CSI-RS transmission occurs in Subframe #1 in one transmitting period. Then the CSI-RS transmissions of three relays could be configured in Subframe #6, #11, #16 respectively, as shown in Figure 2.
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Figure 2: CSI-RS configuration subframes of relay and donor eNB

At the same time, in order to maintain the transparency of relays to LTE-A UE, the UE is indicated the period of CSI-RS in the cell, i.e. 5 ms. The UE does not know whether the received CSI-RS is from donor eNB or one of relay nodes. It simply feeds back the channel measurement results every 5 ms. Note that the pre-requisite of transparency is that the antenna port number of relay is equal to antenna port number of donor eNB. And we also assume that Rel-10 UEs measure CSI in one-shot fashion, e.g., reported CSI are measured in one specific subframe instantaneously, without moving average across multiple CSI-RS in different subframes due to the relatively long CSI-RS periods.
In example 1, CSI-RS of relay is transparent to LTE-A UE and hence impact introduced to UE by relay is avoided. The donor eNB does not need to transmit anything in resource elements (REs) allocated for CSI-RS transmission from relay node, in order to avoid interference to relay’s CSI-RS. In general, In general, this configuration has more RS overhead. For example, if there are N relay nodes in a cell, CSI-RS overhead will be increased by N times.
· Example 2: Grouped subframe division multiplexing

In example 2, CSI-RS of relay and donor eNB are subframe division multiplexing, CSI-RS of different relays are grouped subframe division multiplexing, i.e. different relay’s CSI-RS are transmitted in the same subframe and these relay nodes form a group. Certainly, appropriate grouping has to ensure that signals transmitted by relay nodes in this group do not interfere with each other. Actually, radius of coverage area of a relay node is limited compared to coverage area of eNB. So it is quite likely that there would be several relays in a cell without mutual-interference as shown in Figure 3. These relay nodes could form a group and their CSI-RS resource could be reused. In the case that all relays in one cell do not interfere with other relay node, CSI-RS of all relay nodes could be located in one subframe and CSI-RS overhead of relays can be minimized.
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Figure 3: locations of 2 relays without inter-interference

However, there is an issue when CSI-RS of a group of relay nodes are all in the same subframe. After receiving CSI feedback from UE, eNB will be unable to know which relay’s CSI-RS arrived at this UE, i.e. which relay in the group covers this UE. As a result, eNB will be unable to know which relay should be scheduled to service this UE, unless some additional steps are introduced. For example, relay measures uplink access link through receiving UE’s SRS, eNB pairing UE with relay based on this measurement.

Similarly as example 1, example 2 is also transparent to LTE-A UE. The main advantage of example 2 is CSI-RS overhead reduction. Additional steps are needed to pair UEs with relay nodes. Moreover, techniques to group relay nodes seem necessary in example 2.

· Example 3: Other multiplexing method

Other multiplexing method, such as code division multiplexing, is also applicable to relay. For example, CSI-RS of donor eNB and relay are still subframe division multiplexed, but CSI-RS from different relay nodes are located in one subframe and multiplexed through code division (CDM).

Compared to subframe division multiplexing, CDM could reduce CSI-RS overhead to some extent, and ideally, when there are no or minor mutual-interference of relays in one cell, CDM CSI-RS could obtain the same measurement accuracy as subframe division multiplexing, if the same RS patterns are used. However, transparency of relay to LTE-A UE is no longer maintained because the UE has to differentiate relay nodes by recognizing RS codes from different relays
.

In this section, three examples for CSI-RS multiplexing across different relay nodes a cell are discussed. Rough comparisons are listed in table 1.
Table 1: comparison of CSI-RS multiplexing examples of relays
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RS overhead High Mid/Low Low

Transparency Transparent Transparent Non-transparent

Complexity Low High Low


3. Summary

Access downlink measurement of type II relay was discussed.

· For Rel-8 UE:

In FDD, access downlink instantaneous measurement is difficult to obtain. Perhaps we should study;

In TDD, CSI of access downlink channel could be obtained through SRS, if channel reciprocity can be exploited.

· For LTE-A UE:

Multiplexing of CSI-RS between relay nodes and eNB through subframe division seems a good method. Three example configurations were discussed. Example 1 and 2 are both applicable if transparency to Rel-10 UE is preferred. 
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