
3GPP TSG RAN WG1 meeting #61
R1-102665
Montreal, Canada, 10-14 May, 2010
Source:
CATT

Title:
Multiplexing of R-PDCCH and R-PDSCH
Agenda Item:
6.6.1.2
Document for:
Discussion and Decision
1. Introduction

In RAN1#60bis, the following is agreed on multiplexing of R-PDCCH and R-PDSCH [1]:
· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs
· Details of transmission of DL grant alone: FFS
· Details of transmission of UL grant alone: FFS
Furthermore, it is agreed that either Rel-8 CRS or Rel-10 DM-RS can be used by RN for R-PDCCH/R-PDSCH demodulation. The R-PDCCH/R-PDSCH RS type shall not dynamically change nor depend on subframe type [2]. In this contribution, we discuss detailed R-PDCCH multiplexing schemes for different cases and R-PDCCH/R-PDSCH RS types.
2. R-PDCCH multiplexing scheme
Based on the eNB scheduling decision and DL/UL backhaul subframe allocation, a DL backhaul subframe can contain DL grant alone, DL grant with UL grant, or UL grant alone for an RN. In addition, R-PDCCH/R-PDSCH RS type impacts the R-PDCCH design. In the section, we discuss these aspects separately.
2.1. DL grant alone

In TDD systems, it is agreed that both asymmetric and symmetric DL/UL Un subframe allocation are supported [5]. In case asymmetric DL/UL backhaul subframe allocation is employed, some DL backhaul subframes need not to transmit any UL grant, with examples for TDD DL/UL configurations #1, #2, #3, #4 in [4]. 
In the following, we estimate the backhaul resource wastage if the second slot in the R-PDCCH RB pair cannot be used to transmit R-PDSCH. It is assumed that 10 OFDM symbols (4 in the first slot and 6 in the second slot) can be used for R-PDSCH transmission in a DL backhaul subframe, where the rest 4 OFDM symbols are used by RN for its transmission of PDCCH and Tx/Rx switching. The percentage of wasted backhaul resources is 
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Table 1 shows the percentage of resource waste for different numbers of assigned R-PDCCH RBs. It is observed significant backhaul resource wastage can occur, if the second slot cannot be used for transmission of R-PDSCH. 
Table1 Resources in the 2nd slot of R-PDCCH RBs
	RBs  for R-PDCCH
	System bandwidth

	
	5MHz
	10MHz

	2
	4.80 %
	2.40 %

	4
	9.60%
	4.80%

	6
	14.4%
	7.20%

	8
	19.2 %
	9.60%

	10
	24.0%
	12.0%

	12
	28.8%
	14.4%


It is noted that allowing R-PDSCH transmission in the 2nd slot of the R-PDCCH RB pairs need not require additional specification efforts. eNB can schedule R-PDSCH with a proper MCS level, considering that less REs are available for R-PDSCH in the R-PDCCH RB pairs. This is similar to the scheduler behavior when handling PDSCH transmission in the PRBs containing PBCH/PSS/SSS in Rel-8. 
Furthermore, R-PDSCH transmission in the 2nd slot of the R-PDCCH RB pairs can be beneficial for FDD as well, e.g. in some DL backhaul subframes where eNB does not transmit UL grant to any RNs. Given the clear benefits and little (if there is any) specification requirements, we have the following proposal:
Proposal 1: The 2nd slot of R-PDCCH RB pairs can be used for R-PDSCH transmission.
2.2. DL grants and UL grants 
When both DL grants and UL grants are transmitted in a DL backhaul subframe, current agreements include:
· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair
The detailed design of R-PDCCH/R-PDSCH multiplexing scheme in the 1st and the 2nd slot is tightly related to the R-PDCCH demodulation RS type, which are separately discussed in the following sections.
2.2.1 Rel-8 CRS

When Rel-8 CRS is used for R-PDCCH demodulation, interleaving among multiple R-PDCCHs in a set of RBs can provide significant frequency diversity gain [3]. Therefore, R-PDCCH interleaving, e.g. reusing Rel-8 PDCCH CCE/REG design, shall be supported to guarantee R-PDCCH detection performance in case Rel-8 CRS is used for R-PDCCH demodulation. According to the current agreements, it is reasonable that multiple DL and UL grants are interleaved in the 1st and 2nd slot of R-PDCCH RB pairs respectively, as shown in Figure 1.
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Figure 1: R-PDCCH interleaving in the first and second slot for DL grants and UL grants
In Figure 1, it is assumed the same set of R-PDCCH RB pairs is used to transmit DL grants and UL grants, in the 1st and 2nd slot respectively. However, as discussed in section 2.1, available OFDM symbols for DL grants in the 1st slot can be much less than that for UL grants in the 2nd slot. This is in contrary to the typical traffic demands with DL heavy traffic, hence requiring more resources for DL grants. Consequently, a number of REs in the 2nd slot can be left unused. In addition, due to the semi-static configuration of R-PDCCH RB pairs, it is possible that REs in the 1st slot are not fully utilized by transmission of DL grants. In order to improve the backhaul resource utilization, it can be considered that UL grants can also be transmitted in the 1st slot. The resources in the 2nd slot can be used for R-PDSCH, if all UL grants can fit in the 1st slot, as shown in Figure 2. This is beneficial especially when a limited number of UL grants need to be transmitted. 
Based on the above discussions, we have following proposal:

Proposal 2: If Rel-8 CRS is configured for R-PDCCH demodulation, UL grants can be transmitted either in the first or second slot. R-PDCCHs from multiple RNs are interleaved across the set of assigned R-PDCCH RB pairs. Interleaving is separately performed in the 1st and 2nd slot. Rel-8 PDCCH CCE/REG design can be reused.
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Figure 2: UL grants can be transmitted in the 1st slot
2.2.2 Rel-10 DM RS

When Rel-10 DM RS is used for R-PDCCH demodulation, a PRB pair can only be allocated to the same RN, per current agreements. Hence, an RN’s DL grant and UL grant are transmitted separately in the first and second slot of a PRB pair. RN performs blind decodings for DL grants in the 1st slot and UL grants in the 2nd slot, on the set of assigned R-PDCCH RBs. 
With the usage of Rel-10 DM RS for R-PDCCH, channel dependent scheduling and beamforming can be employed to provide better R-PDCCH detection performance. Hence, multiple RNs’ R-PDCCH shall not be interleaved in each R-PDCCH RB. In each slot, RN can perform R-PDCCH blind decodings on a per RB basis or a per RB set basis. In other words, the R-PDCCH blind decoding granularity is an RB. Figure 3 shows an example of 6 R-PDCCH blind decodings in the 1st slot. Denote the R-PDCCH RBs as (RB1 RB2 RB3). RN performs R-PDCCH blind decodings on (RB1), (RB2), (RB3), (RB1, RB2), (RB2, RB3), and (RB1, RB2, RB3). The set of RB aggregation level and blind decoding attempts for R-PDCCH can be predefined. In addition, the R-PDCCH-to-RE mapping shall follow the frequency first principle, in order to avoid the ambiguity between eNB and RN on the number of RBs occupied by an R-PDCCH. In case an R-PDCCH RB is not used for transmission of R-PDCCH, then the R-PDCCH RB can be used for R-PDSCH by the same or another RN, or PDSCH of a macro UE. 
Therefore, we have the following proposals
Proposal 3: If Rel-10 DM RS is configured for R-PDCCH demodulation, UL grants are transmitted in the second slot. Interleaving of multiple RNs’ R-PDCCHs on the same R-PDCCH RB is not supported. R-PDCCH blind decoding is on a per RB or a per RB set basis. The R-PDCCH RB aggregation levels and blind decoding attempts can be predefined. R-PDCCH-to-RE mapping shall follow the frequency first principle.
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Figure 3: R-PDCCH design using Rel-10 DM RS
2.3. UL grant alone

There exist occurrences where eNB only needs to transmit UL grant to an RN. In case Rel-8 CRS is configured for R-PDCCH demodulation, the UL grant can be transmitted in the first slot, as discussed in section 2.2.1. If Rel-10 DM RS is configured for R-PDCCH demodulation, the UL grant shall be transmitted in the 2nd slot, per discussion in section 2.2.2. Since typical traffic is DL heavy, the possibility of UL grant only can be small. Therefore, we have the following proposal:
Proposal 4: No additional standardization for the UL grant alone case.
3. Conclusions

In this contribution, we discuss the details on R-PDCCH and R-PDSCH multiplexing for Rel-8 CRS and Rel-10 DM RS separately. We have the following proposals:
Proposal 1: The 2nd slot of R-PDCCH RB pairs can be used for R-PDSCH transmission.
Proposal 2: If Rel-8 CRS is configured for R-PDCCH demodulation, UL grants can be transmitted either in the first or second slot. R-PDCCHs from multiple RNs are interleaved across the set of assigned R-PDCCH RB pairs. Interleaving is separately performed in the 1st and 2nd slot. Rel-8 PDCCH CCE/REG design can be reused.
Proposal 3: If Rel-10 DM RS is configured for R-PDCCH demodulation, UL grants are transmitted in the second slot. Interleaving of multiple RNs’ R-PDCCHs on the same R-PDCCH RB is not supported. R-PDCCH blind decoding is on a per RB or a per RB set basis. The R-PDCCH RB aggregation levels and blind decoding attempts can be predefined. R-PDCCH-to-RE mapping shall follow the frequency first principle.
Proposal 4: No additional standardization for the UL grant alone case.
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