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1. Introduction

Based on the considerations of RS overhead and advanced techniques such 8-Tx, CoMP, advanced MU-MIMO, etc, LTE-A will introduce new CSI-RS and DMRS targeting different functions [1]. CSI-RS is cell-specific and sparse in time and frequency, targeting channel quality measurement such as CQI, PMI, RI; DMRS is user-specific and only transmitted in scheduled RBs and corresponding layers, subject to the same precoding operation with data and targeting PDSCH demodulation.

Discussions of downlink RS in LTE-A have been going on for several meetings and reached some consensus. Nevertheless, these studies and discussions are all based on eNB-UE (direct) link. For example, evaluations of channel estimation performance are carried out based on different channel scenarios with different UE velocity, etc. On the other hand, some progress of backhaul link discussions has been made in previous RAN1 meetings. Considered the particularities of backhaul link compared to direct link, as well as the significant impact to downlink physical channel mapping structure and backhaul link resource assignment, we think that DMRS in backhaul downlink should be also studied and discussed.

2. Difference between backhaul and direct link

Baseline of DMRS overhead was reached consensus in RAN1 #56bis meeting [2]:

· Rank 1 transmission: 12 REs per RB (same overhead as Rel-8)

· Rank 2 transmission: 12 REs per RB to be confirmed

· Rank 3-8 transmissions: max 24 REs (total) per RB

· Strive for same REs per antenna port in each Rank
Design of downlink DMRS should consider different channel scenarios and UE velocities, and then split the difference to achieve acceptable demodulation performance. Nevertheless, due to the larger antenna height, macro-RN channel is much stronger than eNB-UE channel. On the other hand, throughput of downlink backhaul is limiting factor for relay, quality of this channel have direct relationship with relay performance gain. This means deployment of relay may should be based on reasonable site planning [3], i.e. channel quality of backhaul link should be guaranteed first (even LOS path is existed). From these perspectives, overhead of DMRS for direct link may be superfluous for backhaul link (see table 1), especially when the application scenarios of RN only focused on fixed deployments.

Table 1: DMRS density comparison of direct and backhaul
	
	RE num of RS (RE/PRB)
	Density for UE
	Density for Relay

	Rank 1
	12
	8.3%
	10%

	Rank 2
	12
	8.3%
	10%

	Rank 3~8
	24
	16.7%
	20%


(In this table, we assume that for UE, PDCCH occupies 2 OFDM symbols, and for Relay, there are 10 OFDM symbols for backhaul downlink transmission.)
On the other hand, downlink physical resources used for backhaul transmission are different from direct link. In downlink backhaul subframe, transmission gaps are needed for relay performing transmission-reception switch (e.g. see figure 1), then there are about 10 OFDM symbols remained for backhaul downlink transmission for normal CP length (OFDM symbol numbers may be reduced further when downlink system bandwidth is smaller than 10 PRBs).
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Figure 1: Backhaul downlink resource structure

Furthermore, physical channel types of backhaul link are different from direct link. In direct link, DMRS are only used for PDSCH demodulation. But for relay, due to MBSFN subframe configuration in access link when backhaul transmission occurs, physical downlink control data (R-PDCCH) will be transmitted in traditional PDSCH region. The agreements on this issue are reached in previous RAN1 #57 and #57bis meetings [4]:

· A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (corresponding to the “R-PDSCH” physical channel).
· Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. “R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.
In LTE, DCIs are mapped to PDCCH region after interleaving, each UE perform blind detection to obtain control data. R-PDCCH may adopt the same operation procedure. On the other hand, R-PDSCH is RN-specific and each RN obtains its shared data in scheduled PRBs. Apparently, if DMRS and data of R-PDSCH are subject to same precoding operation, RN may get similar benefit as UE. However, R-PDCCH and R-PDSCH are multiplexed in backhaul downlink channel and it seems unfeasible for RN demodulating non-precoded R-PDCCH through precoded DMRS. If downlink backhaul transmission occurred in normal (non-MBSFN) subframe of macro-cell, CRS could act as demodulation RS for RN; but if downlink backhaul transmission occurred in LTE-A (MBSFN) subframe, because of having no CRS in backhaul link, R-PDCCH demodulating becomes troublesome.

Considering the particularities of backhaul link compared to direct link listed above, it seems necessary to discuss the issue of DMRS design in backhaul downlink.

3. Considerations on DMRS in backhaul downlink

In section 2, we discuss the particularities of DMRS design in backhaul compared to direct link. In fact, channel estimation performance may be discounted in direct link if DMRS compatibility with RN is taken into considerations. Therefore, study of DMRS design in backhaul based on these particularities should be carried out, which is some little different from direct link.

Firstly, due to the stability of backhaul channel quality compared to direct link, it is worthy to evaluate if it is necessary to reduce DMRS overhead compared to direct link and approve new RS overhead suited to backhaul link, to utilize the stability of backhaul channel efficiently and therefore afford reasonable frequency efficiency in backhaul downlink.

Secondly, design of DMRS in backhaul should follow the design principles in direct link if possible, e.g. multiplexing method of DMRS for multi-layer transmission; meanwhile, resource structure particularities of backhaul link should be taken into account, e.g. DMRS mapping positions should exclude the transmission-reception switch OFDM symbols.

More importantly, DMRS design in backhaul has direct relationships with multiplexing methods of R-PDCCH and R-PDSCH, which have TDM and FDM as candidates. If non-precoded DMRS targeting R-PDCCH demodulation are introduced in backhaul link, DMRS design principles should be evaluated based on the multiplexing methods of R-PDCCH and R-PDSCH.

1) TDM

In TDM, R-PDCCH and R-PDSCH are transmitted within same PRBs. If PRBs carry R-PDCCH are semi-statically assigned, because data transmitted in backhaul is likely to change subframe by subframe in volume, partial backhaul PRBs may only carry R-PDSCH. This means there may be two types of PRBs existed in backhaul downlink: PRBs only carry R-PDSCH and PRBs carry both R-PDCCH and R-PDSCH (see figure 2). 
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Figure 2: examples of different RB types

(a) carries both R-PDCCH and R-PDSCH, (b) carries only R-PDSCH
Follows are two examples to illustrate the design principle of precoded DMRS targeting R-PDSCH demodulation and non-precoded DMRS targeting R-PDCCH demodulation.
a) Design one fixed precoded DMRS pattern. Concretely, whenever PRBs carry only R-PDSCH or both R-PDCCH and R-PDSCH, use same DMRS pattern targeting R-PDSCH demodulation. When PRBs carry R-PDCCH, add new non-precoded DMRS in R-PDCCH region.

b) Adjust precoded DMRS pattern. Concretely, precoded DMRS pattern in two types of PRBs are different. DMRS pattern for PRBs only carry R-PDSCH are determined first, if PRBs carry R-PDCCH as well, adjust the precoded DMRS position or puncture some RS REs, i.e. ensure that precoded DMRS are only located in R-PDSCH region. In R-PDCCH region, add non-precoded DMRS targeting R-PDCCH demodulation.

Comparison between two examples:

Example a): this scheme could ensure that whether R-PDCCH transmitted in backhaul PRBs or not, channel estimation performance for R-PDSCH in same subframe are consistent.

Example b): this scheme could ensure that R-PDCCH and R-PDSCH can both obtain good channel estimation performance if R-PDCCH and R-PDSCH are multiplexed in all backhaul PRBs of one subframe.

2) FDM

FDM means R-PDCCH and R-PDSCH are transmitted in separated PRBs, then design of precoded DMRS targeting R-PDSCH demodulation and design of non-precoded DMRS targeting R-PDCCH demodulation won’t have mutual affect, DMRS design principles will be more flexible.

In this section, we discuss backhaul downlink DMRS design differentiated from direct link, especially the necessities of introducing non-precoded DMRS targeting R-PDCCH demodulation. Concrete design principles need further study and evaluation.

4. Conclusion

In this contribution, we further discussed DMRS design in backhaul downlink, based on the differences of channel quality, resource structure, and channel types between backhaul link and direct link. Some details about DMRS design are discussed. Therefore, we proposal RAN1 should consider the necessity of introducing new non-precoded DMRS targeting R-PDCCH demodulation and precoded DMRS targeting R-PDSCH demodulation in backhaul downlink, and start the discussion and evaluation on this issue.
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