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1. Introduction
Some issues related to DL/UL timing with respect to relay backhaul are discussed. From a previous RAN1 contribution (R1-084412) on Relays a simple representation of an FDD system with relays is shown where F1 and F2 are the DL and UL carrier frequencies. The eNB communicates with a UE1 directly, and the Relay communicates with UE2 and also the eNB. 
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Figure 1 - Duplexing diagram for Relay.
The agreement so far in RAN1 enables the RN to create transmission gaps to avoid simultaneous transmit and receive on the same carrier frequency. Thus the eNB->RN and RN->UE links are TDMed, and similarly UE->RN and RN->eNB links are TDMed. However, the following combinations can still occur depending on the backhaul subframe assignment, backhaul subframe timing and backhaul HARQ timing:
· RN has to concurrently transmit to the eNB and UE2 

· This occurs when RN transmits the MBSFN PDCCH on the DL carrier frequency to its UEs and concurrently transmits the uplink backhaul subframe to the eNB.  

· RN has to concurrently receive from the eNB and UE2 
· This occurs when the RN Receives DL backhaul transmission from the eNB and also receives uplink transmission from UE2.
The next section shows the impact of allowing concurrent Tx (Rx) on relay architecture and shows that it is possible to develop relays that have lower cost due to hardware reuse when the relays are not required to concurrent transmit (receive).

The following section shows timing diagrams with two possible DL/UL timing diagrams (one with new RPDCCH design, another with Rel-8 PDCCH reuse for eNB->RN DL).  It illustrates how an RN can use shortened backhaul UL subframes (similar to the shortened DL backhaul subframe it receives from the eNB).   

· These relays can be facilitated by allowing the option of shortened uplink backhaul subframes by a few OFDM symbols (Note the current DL backhaul subframes are already shortened subframes from the RN perspective). 

· It is proposed to consider support of such relays during the ongoing discussions on DL/UL timing, backhaul HARQ timing (see companion document R1-101120), RPDCCH, etc. It is possible to define support of such relays in the current framework on relay design (RPDCCH, HARQ timing, etc).
2. Concurrent Transmissions or receptions at the RN 

Figure 2 shows the architecture where an RN is required to simultaneously transmit (on F1 and F2) or simultaneously receive on two carrier frequencies (on F1 and F2). Figure 3 illustrates the case when the RN is not required to simultaneously transmit and receive – in this case the Relay is required to have only one transmission and one reception. The figures show that simultaneous Tx on two carriers will lead to increased components, cost and complexity. While the examples are shown for a single antenna, it is easy to understand that issue would be more pronounced for multiple antennas. For instance, the relays may require two times as many components as a regular UE and some additional components such as diplexers. 
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Figure 2 - An illustration of architecture with single antenna for an RN that concurrently transmit (receive) on DL carrier frequency F1 and UL carrier frequency F2. 
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Figure 3 - Low Cost Relay: An illustration of RN architecture with single antenna where RN cannot Tx and Rx concurrently.  In this picture the backhaul reception and transmission at the RN are illustrated (access links are disabled). When access link is active, backhaul is disabled.

By not requiring the relay to simultaneously transmit (receive) on two frequencies, there is a potential to significantly reduce the relay complexity (same conclusions can apply to HeNBs as well). For these low cost relays, the backhaul downlink efficiency is similar to that of conventional relays that perform concurrent transmissions. On the uplink backhaul, the low-cost relays may have to shorten a few OFDM symbols (as shown in next section). Following is a chart comparing the two relay architectures and it is noted that the two categories of relays can use the same mechanisms (HARQ, RPDCCH, etc) and hence it is desirable to support such low-cost relays.
	
	Low Cost Relays

(No Concurrent Transmissions or receptions at RN)
	RN with Concurrent Transmissions or receptions

	Complexity
	Low
	High

	RF
	One RF chain reused
	Two RF chains, additional diplexers

	Rel-8 PDCCH reuse for eNB->RN control region (based on RN MBSFN PCFICH=2 and small prop delay between RN and eNB)
	11 symbols for DL backhaul  (9 for RPDSCH)

10~11 symbols for UL backhaul


	11 symbols for DL backhaul  (9 for RPDSCH)

13~14 symbols for UL backhaul



	RPDCCH design for eNB->RN 

(based on RN MBSFN PCFICH=2 and small prop delay between RN and eNB)
	11 symbols for DL backhaul

10~11 symbols for UL backhaul


	11 symbols for DL backhaul 

13~14 symbols for UL backhaul




Therefore, we propose that low-cost relays with reduced complexity be considered with respect to the ongoing discussions regarding timing and backhaul UL HARQ discussions (see companion contribution [5]), as discussed next.
Proposal :

· It is proposed to consider a low-cost relay with reduced complexity where the backhaul links and access links are temporally separated at the RN.
· RN→eNB and RN→UE2 links are TDM 

· eNB→RN and UE2→RN links are TDM 

· Dl/UL timing and backhaul UL HARQ shall support low-cost relays 
3. UL timing Diagrams

The timing diagrams for the low-cost relays are illustrated for the two of the various timing diagram scenarios being discussed in RAN1 and in the LS sent by RAN1 to RAN4 (R1-100832). 

· Timing with sub-symbol offset on DL

· Timing with multi-symbol offset on DL enabling Rel-8 PDCCH reuse for relays

3.1. Timing with sub-symbol offset on DL

In the, timing diagrams that include sub-symbol (e.g. 0.5 symbol) offsets between backhaul and access links were proposed. These offsets enable the Rx/Tx and Tx/Rx switching gaps to be encompassed with one OFDM symbol, leading to more efficienct backhaul. 
Figure 4 shows duration of two subframes, first an access link subframe where RN transmits to UE2, and a backhaul subframe where the eNB transmits to the RN. However, since the RN transmits the first two OFDM symbols (MBSFN PDCCH) in a backhaul subframe to the access link UEs, the background in the picture is two colors – 

· an access link region where the RN transmits to UE2 

· a backhaul link region where RN receives from eNB. 

At the end of the access link region, there is a duration where the RN transmits on F1 and F2 concurrently (i.e. RN->UE2 and RN->eNB). This duration could be as large as three OFDM symbols (depending on the offset values, switching gaps, and propagation delay). Therefore, to avoid concurrent transmit, the RN can shorten some OFDM symbols on the uplink. Consequently, the switching gaps can be aligned for better efficiency as shown in the figure. 

In the following, we calculate the switching time required to enable the one Tx/one Rx operation. The assumptions are as follows.

· The eNB DL transmission and eNB UL reception are time-aligned

· The boundaries of RN DL transmission and RN UL reception from UE2 are time-aligned

· RN access DL subframe timing is offset relative to the eNB DL subframe timing by DLShift. This value when set properly (e.g. to ½ OFDM symbol) allows the RN to receive the OFDM symbol 13 from the eNB containing DRS. 

· RN access UL subframe reception is offset relative to the RN UL backhaul subframe timing ULShift  that is computed using the above three bullets to be equal to 2Tp,eNB->RN+DLShift 

· Let Ts be the OFDM symbol duration, Tp,RN->eNB be the propagation delay between eNB and RN. 
· The RN uplink backhaul transmission begins with OFDM symbol b (0<=b<=13)), implying that the UL transmission from RN to eNB begins at (14Ts + bTs - Tp,RN->eNB). Of course b has to be such that Tx on F2 occurs temporally after Rx on F2 and Tx on F1 and with a switching gap.

· The RN uplink backhaul transmission ceases with OFDM symbol c (0<=c<=13)). Of course c has to be such that the uplink backhaul transmission ceases prior to Rx on F2 and Tx on F1 and with a switching gap.
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Figure 4 - Timing Relationships with sub-symbol-level offsets.

The table below shows the gaps that are available at each Tx/Tx or Tx/Rx gap for access to backhaul and backhaul to access link transitions. If all of these values are greater than or equal the switching time, then it is clear that such timing can facilitate a low-cost relay solution.  

Table 1 - Table showing the time gap values between various links.

	
	 
	Gap computation
	Gap Value

	Access → Backhaul
	Tx on F1→ gap→ Tx on F2 
	(14Ts + (b)Ts - Tp,RN->eNB)  - (Tp,RN->eNB+DLShift+14Ts+2Ts) 
	(b-2)Ts - 2Tp,RN->eNB - DLShift

	
	Rx on F2→ gap→Rx on F1
	(Tp,RN->eNB+ 14Ts+3Ts) -   (Tp,RN->eNB+DLShift+14Ts)
	3Ts - DLShift

	
	Tx on F1→ gap→Rx on F1 
	(Tp,RN->eNB+ 14Ts+3Ts) -  (Tp,RN->eNB+DLShift+14Ts+2Ts)
	Ts - DLShift

	
	Rx on F2→ gap→Tx on F2
	(14*Ts + (b)Ts - Tp,RN->eNB) - (Tp,RN->eNB+DLShift+14Ts)
	bTs - 2Tp,RN->eNB - DLShift

	Backhaul → Access
	Rx on F1→ gap→ Rx on F2
	(28Ts+ Tp,RN->eNB + DLShift) - (28Ts + Tp,RN->eNB)
	DLShift

	
	Rx on F1→ gap→Tx on F1
	(28Ts+ Tp,RN->eNB + DLShift) - (28Ts + Tp,RN->eNB)
	DLShift

	
	Tx on F2→ gap→Tx on F1
	(28Ts+ Tp,RN->eNB + DLShift) –

(14Ts + (c+1)Ts - Tp,RN->eNB)
	(13-c)Ts+2Tp,RN->eNB+ DLShift

	
	Tx on F2→ gap→Rx on F2
	(28Ts+ Tp,RN->eNB + DLShift) –

 (14Ts + (c+1)Ts - Tp,RN->eNB)
	(13-c)Ts+2Tp,RN->eNB+ DLShift


Assuming Tswitch is the switching time, it has to be less than DLShift and Ts -DLShift. Therefore, for instance we can assume that Tswitch= DLShift = 0.5 * Ts. With this, the values of b and c that maximize resource usage is computed

(b-2)Ts - 2Tp,RN->eNB - DLShift     ≥  Tswitch
(13-c)Ts+2Tp,RN->eNB+ DLShift    ≥  Tswitch
Plugging in the values (Tswitch= DLShift = 0.5 * Ts) into above equations leads to the following 

b    ≥  3  +  2Tp,RN->eNB  /Ts
c   ≤ 13 + 2Tp,RN->eNB   /Ts
Therefore it implies that the RN can typically transmit 10 symbols (from symbol 4 to 13) on the UL backhaul subframe and if the propagation delay is very small then the relay could potentially also transmit an extra symbol (i.e. symbol 3). If the propagation delay is large, then either the subframe can be further shortened or the Relay can choose to transmit on the consecutive (or on subsequent) UL backhaul subframe to maximize the number of transmitted uplink symbols. 

Conclusion 1 
If RN is not required to concurrently transmit (receive) on DL and UL carrier frequencies, then 10~11 OFDM symbols are available for backhaul uplink and 11 OFDM symbols are available for the downlink (when RN DL uses MBSFN PCFICH value of two and small propagation delay between RN and eNB) with partial subframe offset. With the RPDCCH design, All 11 symbols in the downlink backhaul can carry RPDSCH.

3.2. Timing with multi-symbol offset on DL enabling Rel-8 PDCCH reuse for relays

There is a proposal to reuse existing Rel-8 PDCCH to send control signaling on the eNB-RN link by using multi-symbol offset between access and backhaul. The RN access DL subframe timing is offset relative to the eNB DL subframe timing by around 2.5 OFDM symbols (exact value depends on RN DL MBSFN PCFICH value). This allows the RN to receive the Rel-8 PDCCH from eNB (and thus not requiring an RPDCCH design). 

· RN access DL subframe timing is offset by 2.5 OFDM symbols relative to the RN DL subframe reception, (Note that the formula in the previous section don’t apply directly as the shortened OFDM symbols are different here).
· RN access UL subframe timing is aligned with RN UL backhaul subframe transmission
The figure shows duration of two subframes, first an access link subframe where RN transmits to the UE2, and a backhaul subframe where the eNB transmits to the RN. However, since the RN transmits the first two OFDM symbols (MBSFN PDCCH) in the backhaul subframe to the access link UEs, the background in the picture is three sections– 

· first an access link region where the RN transmits to UE2 and receives from eNB

· second is a backhaul link region where RN transmits to and receives from eNB

· Third is another access link region where the RN transmits to UE2 and receives from eNB

The figure shows that on the far right, there is duration where the conflicts occur, but these conflicts are resolved by RN shortening its UL subframe duration. Consequently, as shown in the figure and similar to the details of timing diagram from previous section it can be shown that the switching gaps can be aligned for better efficiency, leading to availability of 10~11 symbols on UL backhaul subframes (based on the switching delays and propagation delay between eNB and RN) and upto 11 symbols on the DL backhaul subframe for the RN. 
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Figure 5 - Timing Relationships with symbol-level offsets and Rel-8 PDCCH reuse (switching gaps not to scale).

Conclusion 2 
If RN is not required to concurrently transmit (receive) on DL and UL carrier frequencies, then for the case of Rel-8 PDCCH reuse for sending control from eNB to RN. Therefore 10~11 OFDM symbols are available for backhaul uplink and downlink (when RN DL uses MBSFN PCFICH value of two and small propagation delay between RN and eNB) with partial subframe offset. Upto 9 symbols can carry RPDSCH and two symbols are reserved for eNB’s PDCCH. On the uplink the all of the 11 symbols can carry RPUSCH.

Based on the above two conclusions, it can be concluded that 
If RN is not required to concurrently transmit (receive) on DL and UL carrier frequencies, for RN DL PCFICH value of 2 and small propagation delay between RN and eNB, there are 

· 10~ 11 OFDM symbols available for the backhaul in UL irrespective of the relay backhaul control design.
· If Rel-8 control is reused for Relay-eNB link upto 11 OFDM symbols are available on DL backhaul of which two may be used for eNB PDCCH

· For an RPDCCH upto 11 OFDM symbols are available on DL backhaul.

4. Conclusions
The document discusses the potential low-cost relays that can be enabled by not allowing the RN to concurrently transmit (receive). Such relays can be developed in the current framework on relay design (i.e. same RPDCCH or HARQ timing irrespective of RN category where one category might comprise of relays that are allowed to concurrent Tx (Rx) or another category has relays that are prohibited to concurrently transmit (receive) on uplink and downlink carrier frequencies.
Based on timing diagrams, it is shown that if an RN is not required to concurrently transmit (receive) on DL and UL carrier frequencies, for RN DL PCFICH value of 2 and small propagation delay between RN and eNB, there are 

· 10~ 11 OFDM symbols available for the backhaul in UL irrespective of the relay backhaul control design. Shortened UL backhaul subframes have to enabled.
· If Rel-8 control is reused for Relay-eNB link upto 11 OFDM symbols are available on DL backhaul of which two may be used for eNB PDCCH

· For an RPDCCH up to 11 OFDM symbols are available on DL backhaul.

It is proposed to also consider a low-cost relay with reduced complexity where the backhaul links and access links are temporally separated at the RN.
· RN→eNB and RN→UE2 links are TDM 

· eNB→RN and UE2→RN links are TDM 

· Dl/UL timing and backhaul UL HARQ shall support low-cost relays 
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