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1
Introduction

An inband half-duplex relay node (RN) cannot transmit and receive on the same frequency at the same time. Thus, the switching from Tx to Rx or Rx to Tx requires some guard boundaries for both backhaul and access links. This topic is of great interest during previous RAN1 meetings [1]-[4]. In RAN1#59bis, four possible cases of UL backhaul and access links timing were identified, as captured in [5]. 

In this contribution we present our views on type I relay subframe timing alignment for UL backhaul and access links, which can be summarized as follows:
· Case 2, Alternative 2, in [5] should be adopted as the baseline. That is, the switching impact is captured by the last symbol in the access link while the relay uplink backhaul remains untouched.
· Case 3 can be another alternative design. That is, the switching impact is captured by the last symbol in the backhaul.

· Case 2, Alternative 1, and Case 4 in [5] are FFS, depending on RAN4’s reply in response to the LS in [6].
· Case 1 is not supported.

A companion document focusing on DL relay timing can be found in [7].

2
Discussion
In [5], four possible cases of UL backhaul and access links timing were listed. The differences in the four cases are mainly due to the following aspects:

· The expected Tx (Rx and Rx ( Tx switching periods of a relay node, and particularly, whether it is possible in the Rel-10 timeframe to have the switching periods shorter than the normal cyclic prefix.
· The expected frame timing synchronization requirement between eNB(s) and relay(s), and whether there are any specific synchronization requirements in case of TDD, MBSFN, or ICIC.

· Where to capture the switching impact (access link vs. backhaul link), and if it is the backhaul, whether to puncture the first or the last symbol.
In [6], RAN4 is kindly asked to provide guidance regarding the possible reduction of switching periods and the expected frame time synchronization requirements. Correspondingly, Case 2, Alternative 1, and Case 4 listed in [5] need FFS depending on RAN4’s input.

It is noted that, currently, RAN4 specs assume transition times in the range of 17 to 20 micro seconds [8][9], which translates into the typical assumption of a half-symbol guard period for switching. It is expected that these transition times should be used as the baseline for relay backhaul timing design, which is our focus in the sequel.
The main difference between Case 1, Case 2/Alternative 2, and Case 3 in [5] is whether to capture the switching impact (access link vs. backhaul link), and if it is the backhaul, whether to puncture the first or the last symbol:

Case 1 proposes to accommodate the switching impact by puncturing the first symbol of the backhaul uplink subframes, as shown in Figure 1. Note that in LTE, up to 36 SR/ACK/NAK channels may be supported in one RB, where the multiplexing is realized via different cyclic shifts and orthogonal sequences. Puncturing the first symbol innevitably makes it impossible to orthogonalize UL SR/ACK/NAKs transmitted in the same RB. Carrying one ACK/NAK per RB is certainly highly inefficient. Thus, in order to maintain the capability of multiplexing multiple SR/ACK/NAKs within one RB, Case 1 necessitates a new PUCCH design. This is highly undesirable considering the involved standardization, implementation and testing efforts. Therefore, Case 1 should not be supported.
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Figure 1 Illustration of Case 1 [5]
Case 3 proposes to absorb the switching impact by puncturing the last symbol of the backhaul uplink subframes, as shown in Figure 2. Note that in Rel-8, shortened PUCCH formats 1/1a/1b are supported in light of SRS transmissions using the last symbol of UL subframes. For backhaul link uplink transmissions which happen during the switching, SRS subframes can be conveniently configured to blank out the last OFDM symbol. By doing so, the existing Rel-8 shortened formats 1/1a/1b can be readily applied to the relay uplink backhaul.  Thus, Case 3 does not require any new PUCCH design. 

One concern over Case 3 is the impact on SRS transmissions over the relay backhaul. There are two scenarios:

· If a backhaul subframe is followed by an access link subframe: since the last symbol is utilized for switching, no SRS transmissions can occur

· If a backhaul subframe is followed by another backhaul subframe: since there is no switching between backhaul and access links, SRS transmissions can be supported

That is, SRS transmissions are possible as long as two or more consecutive subframes (denoted as N subframes) are configured as UL backhaul subframes. The first N-1 subframes can be potentially used for SRS transmissions since there is no switching in these subframes. SRS transmissions, although compromised, can still be reasonably supported. 
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Figure 2 Illustration of Case 3 [5]
Case 2, Alternative 2, limits the impact of switching times to the access link, as shown in Figure 3. Similar to Case 3, SRS on the access link can be configured to blank out the last OFDM symbol when the switching happens. Again, SRS transmissions on the access link, although compromised, can still be reasonbly supported. 
It is worth noting that there should be at least 4 downlink subframes per frame configured for the access links (e.g., subframes 0/4/5/9 for FDD) due to the MBSFN configuration constraint. Among the downlink access link subframes, there are at least 2 pairs, each containing at least two consecutive subframes (e.g., 0/9, and 4/5 for FDD). Depending on the configuration of uplink backhaul subframes, it is expected that similar properties may also hold for the uplink access link subframes. As discussed earlier, these properties make it easier to enable SRS transmissions. 
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Figure 3 Illustration of Case 2, Alternative 2 [5]
Case 2 /Alternative 2 offers some advantages over Case 3:

· Simpler management at DeNB: under Case 2/Alternative 2, since relay uplink backhaul is not impacted, macro UEs and relay nodes can be treated in a unified manner.
· Improved backhaul efficiency, given that relay capacity is typically backhaul limited.
The comparison of the three cases can be summarized below:

Table 1 Comparison of Case 1, Case 2/Alt 2 and Case 3 in [5]

	
	Case 1
	Case 2/Alt 2
	Case 3

	Backhaul UL
	First symbol may be lost
	No impact
	Last symbol may be lost

	Access UL
	No impact
	Last symbol may be lost
	No impact

	SRS Tx
	No Impact
	Some impact on access links, but reasonbly supported
	Some impact on backhaul links, but reasonably supported

	R-PUSCH
	Lose up to 2 symbols in BH
	Same as PUSCH
	Same as PUSCH

	R-PUCCH
	Non-backward compatible, new design of formats 1/1a/1b required
	Same as PUCCH
	Backward compatible (shortend formats)

	PUCCH
	No impact
	Backward compatible (shortened formats)
	No impact

	DeNB Management
	Complicated
	Minimal
	Medium

	Standard Impact
	New PHY design necessary
	No PHY spec impact
	No PHY spec impact

	Implementation/Testing
	Large impact
	Min impact
	Min impact


Therefore, we propose to adopt Case 2, Alternative 2, in [5] as the baseline design. Combined the proposed DL timing design in [7], the relationship between downlink and uplink subframe timings can be summarized in Figure 4.
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Figure 4 Illustration of DL and UL subframe timing: Case 1 for DL and Case 2, Alternative 2, for UL
3
Conclusion

In this contribution, we present our views on type I relay subframe timing alignment for UL backhaul and access links as follows:
· Case 2, Alternative 2, in [5] should be adopted as the baseline. That is, the switching impact is captured by the last symbol in the access link while the relay uplink backhaul remains untouched.

· Case 3 can be another alternative design. That is, the switching impact is captured by the last symbol in the backhaul.

· Case 2, Alternative 1, and Case 4 in [5] are FFS, depending on RAN4’s reply in response to the LS in [6].

· Case 1 is not supported.
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