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1
Introduction

Relay has been studied as a way to enhance cell throughput and coverage for LTE advanced system. There are now two types of relays defined in LTE A study: type I relay has its own cell id, and therefore deployed as a separate cell while using donor cell resources for backhauling; type II relay [1-2] doesn’t have its own id, and will therefore not introduce any new cell.

For type I relay, it is believed that performance gain can be obtained similarly as from cell split, given the throughput limit put by the in-band backhauling. It was at the same time noted the interference between Relay cell and the donor macro should be properly dealt with, simulations [3-4] has shown that the cell throughput gain is not obvious in the case of no interference coordination technique is used. To achieve better performance gain by Relay, the following issues should be addressed: 

a) backhauling link quality should be good enough; 

b) Resources used respectively by eNB UE, Relay backhauling link and Relay UE should be orthogonal to each other to avoid the interference among those links; 

c) allow resource reuse among RN Cells or virtual RN cells

The contribution [1] has introduced a transparent cooperative L2 relay confirming to the type II relay definition by synchronous scheduling and the use of DRS for PDSCH, and at the same time resource orthogonality is maintained. This contribution will continue the study on such Type II relay, and in particular we will look at an enhanced Type II relay scheme with further performance improvement via resource reuse.

2
Type II relay related concepts
An eNB cell with type II relay has the following structure: an eNB cell, a number of RNs and a number of UEs associated with/without RN. There are four types of links involved as depicted in the following figure: Link1 between eNB and eNB UEs, Link2 between eNB and RNs, Link3 between RNs and those RN UEs and Link4 between eNB and RN UEs. 

        
[image: image1]
Type II relay follows a two-phase processes, similarly to type I relay. Here take DL as example, in phase I eNB delivers data to RN, and in the phase II RN delivers the decoded data to RN UE. Note that in phase I, information over Link2 and Link4 should be the same; In phase II, information over Link4 should be concurrent transmission with Link3 in eNB-RN cooperative mode, otherwise Link4 is intentionally muted on PDSCH and only provide PDCCH to instruct RN UE for reception of the prescheduled PDSCH from RN(s), and in this case would possibly allow RN-RN cooperative transmission and/or Link3 frequency reuse.
It should also be noted that Link1 could be muted in phase II to avoid interference.
Potential application scenarios


[image: image2]
The potential application scenarios of relay in a marco cells can be 

· eNB-RN cooperation in the area that signals are comparably equal from eNB and from RN 
· RN-RN cooperation in the area that signals are comparably equal from one RN and from another RN

· RN recourse reuse in the area that a RN signal is dominate

Different applications can be implemented by central scheduling at eNB for Type II relay.

RN UE groups

In DL, PDSCH transmission scenarios can be a RN UE served by ≥1 RN(s) or a UE served by ≥1 RN(s) and eNB. There are different ways to group RN UEs regarding the association to RN. From RN point of view, all UEs that are facilitated by a RN construct a RN UE group for this RN, called RUG. From UE point of view, a UE can have multiple associated RNs in Relay cooperative mode, all the associated RNs forms the RN Set for that UE. RN UE can therefore be grouped so that each of UE in such group associates with the same RN Set. We call such RN UE set elementary RN UE group (ERUG). Each RN has at most one RUG. A RUG consists of one or more ERUGs. Simple form of ERUG can be that each RN has it’s own RN UEs and a RN UE is served by and therefore associated to only one specific RN, which corresponds to the case that cooperation between RNs for serving a RN UE is deactivated, and in this case each RUG is an ERUG. The way to identify RUG and ERUG is to be studied.
Resource efficiency
The resource allocations between Link1, Link2 and Link3 can be TDM, FDM or TDM/FDM combined for orthogonality. The following criteria follow for performance analysis of relay

· Information bits respectively provided via Link2 and Link3 should be equal over a time period long enough. The resources can be measured by number of RBs. Efficiency can be measured by information bits per unit resource, i.e. bit/Hz/second.
· Given the above condition, the resource efficiency serving a UE will be E1 via Link1 as an eNB UE, or Er via Link2+Link3 as a RN UE, link should be chosen for a UE so that the UE shall be served with better efficiency.
The efficiency Er for relay over concatenated Link2 and Lin3 is 
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. In case of resource reuse over Link3 the Er will be 
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. The link efficiency via relay is increasing when number of relays supporting resource reuse is increasing. In addition, there should be additional bonus from the Link4’s involvement. We will show in the following that based on type II relay given in [1] resource reuse can be realized by applying proper synchronous scheduling rule at eNB and RN. 
3
Scheduling scheme for resource reuse
The synchronous scheme given in [1] introduced TDM-like scheme for Link2 and Link3 allocation, thought Link1 transmission has full freedom to be scheduled in any available SFs. Link3 of different RNs can be treated as spatially separated, as RN with transmission power at up to 30dbm somehow virtually forms only a Pico cell. Cross cell interferences among Pico cells should be trivial. Or techniques can be developed to avoid using the same SF patterns for Link3 in adjacent RNs. So it is preferred that resources over Link3 should be reused among RNs. This should bring performance gain as if in the case of cell split, and at the same time maintain resource orthogonality with donor macro cell.

Resource reuse can be implemented by synchronous scheduling for retransmission at RN. As described in [1], the first phase transmissions are conducted by resources allocated orthogonal to eNB UE resources. However in Phase II, to realize resource reuse, different RN should try to schedule the same set of SFs for retransmissions as virtual RN Pico cells are assumed spatially separated. The retransmissions facilitated by RN in phase II should be instructed by PDCCH, the corresponding SCH for eNB should be muted in this case to avoid interference to Link3 from the donor cell. 

The following table gives an exemplary scheduling pattern for RN in DL with scheduling pattern for Link2 and Link3. Link1 in this example can use SF#8 plus any available resources from any other SFs by dynamic allocation or static FDM-like allocation.  

	RF #
	N
	n+1
	n+2
	n+3
	n+4

	1st trans. SF#
	0,1,2,3,4,5,9
	0,1,2,3,4,5,9
	0,1,2,3,4,5,9
	0,1,2,3,4,5,9
	0,1,2,3,4,5,9

	2nd trans. SF#
	7
	7
	7
	7
	7

	3rd trans. SF#
	6
	6
	6
	6
	6


In a RF#n, SF#{0,1,2,3,4,5,9} are viable for RN initial transmissions in phase I when RN is supposed to receive RFT (Relay Facilitated Traffic). In phase II, the RN will pre-schedule decoded RFT into SFs of fixed pattern. In this example the subsequent retransmissions should respectively be pre-scheduled at SF#7 in the next RF for 2nd transmission and SF#6 in the SF after the next SF for possibly the 3rd transmission. In the second phase, RN will assist by up to two retransmissions at pre-determined SFs. Note at the retransmission eNB should only send a PDCCH without corresponding PDSCH over Link4 due to the resource orthogonal requirement between Link2 and Link3. As we already discussed the retransmission resources can be reused among different RN, and each RN associates with one or more ERUGs. And this reuse can be TDM, FDM or TDM combined with FDM. Scheduling rule is an implementation issue. So it is not intended here to show all the possibilities, instead to take examples to show the feasibility and rationality. 

Example of TDM allocation: Suppose there are 7 RNs, then in this case TDM resource allocation is straightforward, i.e. we can schedule RFT for each RN respectively to a different SF in SF#{0,1,2,3,4,5,9}. Each RN has its own retransmission SF resources at #7 and #6 respectively in the next two RFs. To maintain such resource synchronization, eNB need to virtually maintain 7 copies of SFs at retransmission SF. 

	
	Initial trans SF#@RF#n
	2nd trans SF#@RF#(n+1)
	3rd trans SF#@RF#(n+2)

	RN1
	0
	7
	6

	RN2
	1
	7
	6

	RN3
	2
	7
	6

	RN4
	3
	7
	6

	RN5
	4
	7
	6

	RN6
	5
	7
	6

	RN7
	9
	7
	6


Example of FDM allocation: resource reuse over Link3 can also be in a FDM fashion i.e. RNs can share a SF in FDM. For the scheduling pattern given in the scheduling pattern, if there are 10 RNs, each of the RN Receiving SF (R-R-SF) can accordingly be split into 10 portions. Each potion index a number i = 0, 1 …9, and all R-R-SFs shall follow the same resource split pattern. With the above assumption, for each RN the donor eNB can form a set of virtual R-R-SF resources across those SFs by taking any number of resource portions of different index numbers from the total 70 portions. E.g. RNj can take the portion indexed [(j+i)|10] from the i-th R-R-SF as its virtual R-R-SF resources. In such resource allocation method it allows more flexibility among different RNs to schedule RFT with preferred retransmission delay and/or with preferred load balance. In phase I at reception of data from each SF#{0,1,2,3,4,5,9}, each RN will pre-schedule retransmissions accordingly at SF#7@RF(n+1) and SF#6@RF(n+2) implementing resource reuse among RNs. 
If cooperative mode is activated among RNs, then when a RFT data is scheduled for a UE, all associated RNs of the containing ERUG shall pre-schedule the same data with synchronized resources at each of the RNs. This is done under the management of eNB and therefore makes sure that resources are clearly scheduled for each relay and for each user.
The intention of the above example is only to show feasibility of resource reuse for the Type II relay. Various SF patterns can be designed according to the application scenarios, considering overall resources availability, load balance between eNB UEs and RN UEs, efficient resource reuse among RNs, PDCCH capacity, DL/UL load balance or to capture certain periodicity for certain SPS like traffics etc. 
9. Conclusion
In this contribution, we further explored Type II relay capability in resource reuse among RNs, which we believe will bring further cell throughput enhancement for type II relay.
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Figure 3: structure of macro cell with Type II relays
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