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1
Background
In 3GPP RAN1#56 meetings, “type 1” relay node has been chosen as baseline supported relay type in LTE-Advanced [1] at least. Then in the email reflector of RAN1#56 meetings, “WF on Access-Backhaul partitioning of Relays” [2] and corresponding text proposal for RAN1#56bis were also agreed to define the relay transmission mode for access link and backhaul link. In this WF, the baseline solution is proposed for access-backhaul partitioning, in which “backhaul link and access link are TDM in a frequency band, and DL/UL backhaul link is in DL/UL frequency or subframes for FDD or TDD respectively”.
Besides this agreement of baseline solution, many other schemes for TDD type 1 relay access-backhaul partitioning were also discussed during previous meeting: DL subframe stealing scheme [3], in which DL subframe is stolen for both UL and DL backhaul transmission; UL subframe stealing scheme [4], in which UL subframe is stolen for DL backhaul transmission; TDD configuration pairing scheme [5], in which DeNB cell and relay cell are configured with different TDD configurations; Special subframe scheme [6], in which part of special subframe is utilized for backhaul transmission; and also subframe splitting scheme [7]

 REF _Ref232589284 \n \h 
[8] which could be seen as the complementary solution for baseline agreement.
Compared to the baseline scheme, special subframe scheme has its unique advantages e.g. do not impact HARQ process for access link and could be a general solution to cover all TDD configurations etc., which also stated by several companies [9]

 REF _Ref232589356 \n \h 
[10]

 REF _Ref232589357 \n \h 
[11]

 REF _Ref232589358 \n \h 
[12]. However, at meanwhile, the concerns about special subframe scheme were also put out regarding to the aspect of coverage, inter-site interference issues etc. Because of these issues, special subframe scheme seems less attractive although it has the mentioned advantages.

In this document, we mainly focus on the backhaul design of special subframe for TDD type 1 relay. Discussions on the issues that related to special subframe are carried out, and then possible solutions to avoid inter-site interference are proposed also. 
2
Special Subframe used for Backhaul Transmission
Special subframe scheme has many advantages as stated in [9]. Among all these advantages, special subframe scheme has two unique merits that other schemes do not have: 1) special subframe scheme could support all TDD configurations including TDD configuration 0 and TDD configuration 5; 2) special subframe scheme has no impact on uplink HARQ process, especially for TDD configuration 6. These merits could make special subframe scheme as a general scheme of access-backhaul partitioning for all TDD configurations, or at least could be a nice complementary scheme for baseline solution since TDD configuration 0, 5 and 6 could be supported well. However, coverage issues [11] and inter-site interference issues [9]

 REF _Ref232589356 \n \h 
[10]

 REF _Ref232589357 \n \h 
[11]

 REF _Ref232589358 \n \h 
[12] are concerned for further studies. In the following text of this section, these two issues are carefully analyzed to exploit more details and solutions.
2.1
Special Subframe Configuration
At first, we could take a look at the special subframe configurations that defined in release-8 specification. The special subframe includes three parts, which are DwPTS, GP and UpPTS. In the following table, the length of DwPTS and UpPTS is pre-defined in [13], and here the length is presented as OFDM symbol.
Table 1 Special Subframe Configuration Example for Frame Structure 2
	Special subframe configuration
	Normal CP
	Extended CP

	
	DwPTS
	GP
	UpPTS1
	DwPTS
	GP
	UpPTS1

	0
	3
	10
	1
	3
	8
	1

	1
	9
	4
	10
	8
	3
	1

	2
	10
	3
	1
	9
	2
	1

	3
	11
	2
	1
	10
	1
	1

	4
	12
	1
	1
	3
	7
	2

	5
	3
	9
	2
	8
	2
	2

	6
	9
	3
	2
	9
	1
	2

	7
	10
	2
	2
	
	
	

	8
	11
	1
	2
	
	
	


Note 1: The uplink extended CP for downlink normal CP, and uplink normal CP for downlink extended CP are not included in this table
In these configurations, there are several configurations with long GP length, e.g. special subframe configuration 0 and 5 for normal CP case. In these configurations, part of GP length is possibly to be used to break a hole for backhaul transmission. 
For other configurations which have long DwPTS length, part of DwPTS length is also possibly to be used for downlink backhaul transmission, in which relays and macro UEs could FDM and receive from eNB simultaneously, which could be depicted by the figure1. At mean while, the users in relay cell have to have long GP length to allow backhaul operation. 
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Figure 1 Part of DwPTS utilized for downlink backhaul transmission
2.2
Multiplex Backhaul Transmission into Special Subframe
For the configurations with long GP length, part of the GP length could be used for backhaul transmission, either for downlink backhaul transmission, or for uplink backhaul transmission, or even multiplex downlink backhaul transmission and uplink backhaul transmission into one GP if there is no much data to be transmitted on the backhaul link. When part of DwPTS is stolen, it is only used for downlink backhaul transmission.
Three multiplexing cases could be possible:

1. Only multiplex downlink backhaul transmission into special subframe;

2. Only multiplex uplink backhaul transmission into special subframe;

3. Multiplex downlink backhaul and uplink backhaul into one special subframe.

Here are the examples for case 1, case 2 and case 3, which is under special subframe configuration 0 with normal CP for downlink and uplink:
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Figure 2 case 1: Part of GP used for downlink backhaul transmission
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Figure 3 case 2: Part of GP used for uplink backhaul transmission
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Figure 4 case 3: Part of GP used for multiplexing downlink backhaul and uplink backhaul
The figures show the special subframe pattern examples for backhaul transmission at eNB side. The switching time for eNB could reside in GP zone. For example, for case 1 in figure 1, eNB needs a tx-rx switching time between downlink backhaul transmission and UpPTS reception, and this switching time could resides in the first symbol of GP. For relay side, a tx-rx switching time between DwPTS transmission and downlink backhaul reception is needed, and the first symbol of downlink backhaul transmission could be used to ensure relay has enough time to do the switching. Thus for case 1, two symbols are needed for switching time. For case 2, the result is similar with case 1 and for case 3, one more switching time is needed. Then the available symbols that for backhaul transmission in case 1, 2 and 3 are 7, 7 and 6 respectively.
2.3
Coverage Issue

When GP length of DeNB is stolen for backhaul transmission between DeNB and its relay, the backhaul transmission in stolen GP part is invisible for macro UEs. Macro UEs will still see backhaul transmission part as GP, so from macro UE’s perspective, the GP length is not changed. Thus the coverage for macro UEs is not changed, although part of GP is stolen for backhaul transmission. The following figure shows the coverage for macro UE before GP stolen and after GP stolen, which is not changed for macro UEs. From relay UE’s perspective, the coverage is not changed too. During backhaul transmission between DeNB and relay, relay UE doesn’t need to know what relay is doing now and still regard this time as GP. Then the coverage for macro UEs and relay UEs are not changed.
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Figure 5 Coverage example for macro UE
On the other hand, the coverage for relay has some limitations. For example in case 1, relay needs to receive UpPTS from relay UEs after receiving downlink backhaul transmission, then  propagation delay between DeNB and relay should be less than 2 symbols in figure 1. This 2 symbols for propagation delay limit the coverage for relay to about 20km. For case 2, the similar result could be obtained. And for case 3, because relay need to do uplink backhaul transmission after receiving downlink backhaul transmission, then the round trip time between DeNB and relay is limited to 2 symbols. Then the coverage for case 3 is limited to ~10km. The following figure gives an example for case 1.
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Figure 6 Coverage example for relay for case 1
In case 1, the coverage for relay could be further enlarged if the first symbol of stolen part is always preserved for switching time for relay to fulfill the scenario that propagation delay is not enough for switching time. Then there is an extra symbol for propagation delay, and the coverage for relay in case 1 could be further enlarged to ~60km. The same result could be obtained for case 2 and for case 3, the coverage for relay could be enlarged to ~30km. Thus at least for case 1 and case 2, the coverage issue is not a problem, and it meets the most of typical application cases. 
2.4
Inter-site Interference Issue

After part of the GP is utilized for backhaul transmission (or part of DwPTS is utilized for downlink backhaul transmission), if there is no coordination among eNBs about new special subframe pattern, the inter-site interference might be occurred among eNBs. For example if one eNB is configured as case 1 and another eNB is configured as case 2, then severe inter-site interference might take place for overlap part of downlink backhaul transmission and uplink backhaul transmission. On the other hand, even there is no overlap, the transmit signal of one eNB could also leak to the other eNB receiving zone.
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Figure 7 Inter-site Interference Example
To avoid this kind of inter-site interference, enough GP length needs to be guaranteed between the longest transmission zone and the longest receiving zone among all the eNBs. In this special subframe scheme, transmission zone might include DwPTS length and downlink backhaul transmission length; and receiving zone might include uplink backhaul transmission length and UpPTS length. The following figure shows the needed enough GP length among eNBs.
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Figure 8 Enough GP among eNBs
To guarantee this enough GP length among eNBs, pre-defined special subframe patterns with backhaul transmission could be designed, or coordination among eNBs via X2 interface could also be served as a solution. In the next section, a possible coordination solution is proposed to avoid inter-site interference among eNBs.
3
Coordination Scheme to Avoid Inter-site Interference
As stated in the last section, some schemes need to be considered to guarantee enough GP between the longest transmission zone and the longest receiving zone among all the eNBs. In this section, a possible coordination scheme among eNBs via X2 interface is proposed, which could eliminate or at least alleviate the inter-site interference between eNBs.
For three different multiplexing case, which is case 1, case 2 and case 3 that mentioned in the last section, special subframe patterns with backhaul transmission could be pre-defined. The following table gives an example special subframe pattern for case 1:
Table 2 Special Subframe multiplexed by DL backhual only (unit: OFDM symbol with normal CP)
	DL backhaul
	Index of patterns
	0
	1
	2
	3
	4
	5
	6
	7

	
	DwPTS length
	3
	3
	3
	3
	3
	3
	3
	3

	
	DL backhaul length
	9
	8
	7
	6
	8
	7
	6
	5

	
	GP length
	1
	2
	3
	4
	1
	2
	3
	4

	
	UpPTS length
	1
	1
	1
	1
	2
	2
	2
	2


Based on these pre-defined special subframe patterns, the following coordination scheme among eNBs could be designed to guarantee there has enough GP length between the longest transmission zone and the longest receiving zone among eNBs. The scheme includes four steps:

· Step#1: All the e-NBs that required relay support (the eNBs with-out RN are excluded in this step) will communicate the minimal required GP length (this GP length indicates the coverage requirements in the cell and avoid possible inter-site interference, which should already be obtained by network planning) among them. Then the maximal GP value among all the minimal required GP length will be selected as the minimal requirements for all the cells. 

· Step#2: By searching the predefined patterns set with the selected GP length, some possible patterns will be selected as baseline pattern set. If there are several candidates with the same GP length, then the pattern with maximal UpPTS length will be selected finally as only one baseline configurations. 

· Step#3: Searching from all the predefined patterns with the following rule: the length of “Gap + UpPTS + UL backhaul” in candidate patterns should be larger or equal to the length of “Gap + UpPTS + UL backhaul” in the selected baseline configurations in step#2. After this step, a number of patterns can be selected finally. 

· Step#4: all the e-NB can freely use any one of the selected candidate patterns for RN backhaul configurations.
For example, in step1, if the required minimal GP length is [1 2 1 2 1 1 …] OFDM symbol with normal CP, then we could find “2” should be the final required GP length for all the eNB; then in step2: firstly, we could find pattern#1 and pattern#5 meet the requirements because both of them have the GP length is 2 OS. Then since pattern#5 has larger UpPTS length, thus pattern#5 will be selected as the baseline pattern finally; in step 3, we could find pattern#2, pattern#3, pattern#6 and patten#7 meet the rule because the length of “Gap + UpPTS + UL backhaul” is equal or larger than the length of baseline patterms. Then finally, pattern set is selected [2 3 5 6 7], those patterns can be freely used by all the e-NB without any inter-site interference. For example in figure 8, if pattern#2 is used in e-NB1, pattern#3 is used in e-NB2, pattern#5 is used in e-NB3, pattern#6 is used in e-NB4, and pattern#7 is used in e-NB7, then there isn’t any inter-site interference since the minimal required GP length is met in all the e-NB. Notes: different GP length indicates different backhaul coverage.
[image: image9.emf]DL backhaul

UpP

TS

DwPTS

3

7

1

GP

3

DL backhaul

UpP

TS

DwPTS

3

6 1

GP

4

DL backhaul UpPTS DwPTS

3

7

2

GP

2

DL backhaul

UpPTS DwPTS

3

6

2

GP

3

DL backhaul

UpPTS DwPTS

5

2

GP

4 3

E-NB1

E-NB2

E-NB3

E-NB4

E-NB5


Figure 9 Example of selected special subframe patterns
Conclusion

In this document, we discussed the special subframe scheme in which part of the subframe is utilized for backhaul transmission for TDD type 1 relay. Basically, following conclusions can be made:
· Coverage issue is not a severe problem, and it can meet the most of typical applications cases Coverage for macro UEs and relay UEs has no impact and a little limitation for relay coverage;

· Inter-site interference is a problem if there is no scheme to guarantee enough GP length between transmission zone and receiving zone among all the eNBs;

· A coordination scheme among eNBs is proposed to guarantee enough GP length between transmission zone and receiving zone, which eliminate or at least alleviate the inter-site interference among eNBs;
With the above conclusions and proposals, special subframe scheme could be regarded as a general access-backhaul scheme for all TDD configurations since all TDD configurations are all have special subframes, or could at least be a nice complementary scheme for baseline solution.
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