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1. Introduction

Current draft of 3GPP TR 36.814 says that “a relay should preferably support LTE Rel-8 UEs.” In the absence of such support, Rel 8 UEs will be forced to connect to the regular eNB and will not be able to take advantage of the improved coverage/capacity offered by the relay node. In addition, introduction of relays without support for Rel 8 UEs in an LTE network will cause interference to Rel 8 UEs and will likely cause coverage holes for such UEs.
Relay support for Rel 8 UEs has been discussed in [1] and [2]. In [1], five solutions have been compared; including blank subframes, out-of-band relay and 3 MBSFN related solutions. In [1], MBSFN support for relay has been identified with following PHY/MAC issues: requiring new PHY spec for eNB relay link, unnecessary operation overhead, macro UE performance degradation and HARQ efficiency loss.  In [2], the HARQ timeline for relay operations based on MBSFN and blank subframe has been analyzed. It has been argued that MBSFN support for relay is sufficient.
In this contribution, we further analyze the MBSFN and blank subframe proposals in response to the analysis given in [2]. Note that the overhead issue of MBSFN is not address in this contribution [1].
2. Discussion
2.1 Special subframes

In both MBSFN and blank subframe proposals, there are special subframes on the DL that have to be allocated to the access link (relay to UE link). Subframes 0 and 5 contain synchronization signals which have to been transmitted from a relay node in order to facilitate Rel 8 UE acquisition. Currently the paging occasions have been defined as {9}, {4, 9}, {0, 4, 5, 9} for various paging load. This configuration implies that subframe 9 and possibly 4 also have to be allocated to the access link. 
In order for enable efficient relay operation, regardless of the specific relay proposal, it would be reasonable to change the paging occasion configuration to {0}, {0,5} and {0, 4, 5, 9} [3]. This new configuration enables configurations where only subframes 0 and 5 need to be reserved for the access link unless the paging load exceeds 20% of the total DL capacity.
2.2 HARQ Operation

The MBSFN subframe structure is designed for MBMS traffic which does not require UL support, while relay operation fundamentally requires UL acknowledge for DL unicast data. When MBSFN is used to partition the backhaul and access link DL resources, this “decoupling” of DL and UL subframes leads to the DL HARQ issues: ACK/NAK can be received only if the corresponding UL subframe is allocated to an HARQ process of the same link. In general the missing ACK/NAK issue could be handled through scheduler optimization without any spec change at the cost of some HARQ efficiency loss.
In Figure 1, one example of MBSFN operation is shown for the case where 4 out 8 UL HARQ process allocated to the backhaul link. Due to the decoupling of MBSFN structure (10 ms periodicity) and UL HARQ structure (8 ms periodicity), only 50% of the DL transmissions could be acknowledged on either backhaul or access link. Note that the fraction of UL A/N loss for backhaul or access link is unbounded and proportional to the fraction of UL HARQ process allocated to the backhaul link. 
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Figure 1 Relay operation based on MBSFN. The backhaul link is allocated with 4 out of every 10 DL subframes and 4 out of every 8 UL subframes.
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Figure 2 Relay operation based on blank subframes. The backhaul link is allocated with 4 out of every 10 DL subframes and 4 out of every 10 UL subframes.
The blank subframe proposal partitions resources based on HARQ processes, which is natural for unicast operation. The only exception is for FDD special DL subframes, which is limited to subframes 0 and 5 in each radio frame. In TDD, the DL and corresponding UL subframes are explicitly allocated to ensure proper HARQ operation. 

The blank subframe proposal mandates the UL subframes corresponding to a DL blank subframe to also be blanked. However, the UL subframes corresponding to of special DL subframes discussed in section 2.1, which are never blanked, could be optimized to tradeoff DL and UL performance: 

· The illustration of blank subframe operation in [2] is one variation of the proposal where the UL subframes carrying A/N for the special DL subframes are artificially “decoupled” from the DL subframes. In this case, the blank subframe proposal has similar DL HARQ issues, with the A/N loss rate limited to 20% instead of some unbounded fraction in the case of MBSFN.

· A more natural extension is to pair the UL subframes for the special DL subframes to the same link. In this case, all DL transmissions will have a corresponding ACK, but a fixed 20% of the UL subframes will miss PHICH as shown in Figure 2. Figure 2 illustrates one example of blank subframe operation where 4 out 8 DL/UL HARQ processes are allocated to the backhaul link with some missing subframes corresponding to the special DL subframes. 

In summary, the decoupling of DL and UL subframes in the MBSFN based relay design leads to fundamental DL HARQ issues. The blank subframe proposal has similar issues but is only limited to 20% of total subframes instead of some unbounded fraction in the case of MBSFN. In both cases, scheduling optimization could be implemented to reduce the HARQ loss due to missing A/N without spec change.
2.3 Switch Time Issue

A half duplex relay is required to switch between Tx and Rx at the boundary of backhaul and access links. Current switch time requirement is 17 - 20 usec according to RAN4 spec. Each switch could lead to the loss of a fraction of OFDM symbol. The impact of this switch depends on specific design and is out of the scope of this document.
In the blank subframe proposal, the switch time happens at the boundary of each backhaul and access link bursts. In the example given in Figure 2, there are 14 switches during a 40 msec period.
In the MBSFN proposal, additional switches are required within each MBSFN subframe. A relay has to transmit in the first one (or 2) OFDM symbols, then switches on the Rx to receive the backhaul traffic for the rest of the subframe. This will incur additional link loss.
2.4 Downlink Control Issue for MBSFN
Since a relay can not receive the first OFDM symbol(s) of a subframe, it cannot receive downlink control from the donor eNB based on the Rel 8 air interface. In [2], it was stated that “In many cases this is not a problem as the anchor-to-relay link most likely is semi-persistently scheduled.” This statement seems to imply that the MBSFN based relay design will have the following characteristics:

· No UL HARQ since no PHICH is received.

· No MUD gain in either frequency or time domain due to semi-persistent scheduling.
· Loss of trunking efficiency given that assignment does not adapt to the traffic.

An alternative proposal is to have staggered relay and eNB timeline, where the relay timing is advanced by one or two OFDM symbols as shown in Figure 3. In this case, the relay could receive the DL control signaling from the donor eNB while lose the last OFDMA symbol(s). 
Figure 3 MBSFN with timing shift
In [2], it was stated that “Alternatively, staggering of the anchor-to-relay and relay-to-UE links can be used as illustrated in Figure 4 in which case the relay ignores the last OFDM symbol(s) of the transmission.” Note that DL data to RE mapping is such that code blocks of the same transport block are be mapped sequentially to different OFDM symbols. If a relay node ignores the last OFDM symbol(s), the last code block(s) will always be in decoding error. Hence the transport block will always be in error. 
Another side effect of the alternative proposal is that the last code block(s) of macro UEs at the coverage boundary of a relay will always receive additional relay PDCCH interference. Since there is no CRS in the last two OFDM symbols, there will be a persistent underestimation of interference for the last code block(s) of macro UEs. This could also leads to severe link efficiency loss for the macro UEs.
3. Conclusion

In this contribution we further clarified the design differences between MBSFN and blank subframe proposals for Rel 8 UE support by LTE-A relays in addition to the overhead difference between the two proposals. It was noted that both MBSFN and blank subframe proposal have HARQ efficiency loss due to missing A/N, where the blank subframe approach has 20% subframes being impacted whereas the MBSFN approach has an unbounded loss rate proportional to the UL HARQ allocation. Additional intra-subframe Tx-Rx switch time issue has also been identified for the MBSFN proposal. The most severe issue with MBSFN is the DL control channel design, where both proposals in [2] lead to unacceptable losses: one proposal leads to no UL HARQ support, no MUD, no link adaptation, no traffic adaptation; the other proposal leads to multiple code block decoding error and macro UE link degradation.
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DL sf 0, 5 and UL sf 4, 9 are never blanked by the relay























