3GPP TSG-RAN WG1 Meeting #59bis
R1-100357
Valencia, Spain, 18 – 22 January
Source: 
Nokia, Nokia Siemens Networks

Title:
Discussion on Symmetry and Asymmetry SF Allocation for Backhaul
Agenda item:
7.5.1
Document for: Discussion and Decision

1
Introduction
In RAN1 reflector, there is ongoing email discussion on HARQ related issues for backhaul link. However such discussion is heavily related to the style of subframe (SF) allocation for backhaul/relay link: either symmetry way or asymmetry way. And it is expected that it might have some differences also between FDD and TDD on the style of SF allocation. In this contribution, this issue is analyzed and a way forward is proposed.
2
Discussion
2.1
Definition of Symmetry and Asymmetry SF Allocation
Herein the symmetry allocation means the same number of SF is allocated for UL and DL backhaul, while asymmetry allocation means the number of SF for DL and UL backhaul is unequal consequentially. The allocation style of backhaul SF may have some impacts on the backhaul resource allocation method and also the complexity of HARQ timing design. In case of symmetry allocation for backhaul in FDD mode, simple linkage between DL and UL is possible so that it may simplify the HARQ timing design and the way of resource allocation [1]
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2.2

FDD

In R’8 FDD system, there is one-to-one fixed timing between UL and DL SF, and UL and DL SF allocation is symmetric. However in a relay based system, it is still uncertain whether such symmetry characteristic is kept and beneficial. For type I relay the whole number of SFs should be shared between backhaul link and relay access link via TDM way:
· If the same number of SFs for UL and DL is required in relay cell in terms of balanced traffic, then it is natural to use same number of UL and DL SFs at backhaul link as well, which means symmetry backhaul SF allocation. For example in a 10ms radio frame, {6DL, 6UL} in relay cell may match with {4DL, 4UL} in backhaul link nicely.   
· If a different number of SFs for UL and DL is required in the relay cell in terms of unbalanced/asymmetric traffic, then it still makes sense to use the same number of UL and DL SFs at backhaul link since there are has enough free SF spaces that can be used for the backhaul link. For example in a 10ms radio frame, {5DL, 3UL} in relay cell may require {5DL, 3UL} pairing in backhaul link also. However we can still use {5DL, 5UL} at backhaul link and {5DL, 5UL} in relay cell to enable symmetry allocation, because there are 4 free SFs left unused which can be allocated to access link and backhaul link freely. An example is shown in Figure 1 below.   
In case of symmetry backhaul SF allocation, then explicit SF allocation is only needed for DL backhaul link, and SFs allocation for UL backhaul can be derived from DL allocation implicitly, i.e. always inferred according to 4ms HARQ timing as R’8.  
On the other point, if asymmetry backhaul SF allocation is enabled, then explicitly SF allocation for uplink backhaul should be used, and this will results in not only more signalling overhead, but also more complex backhaul HARQ timing configuration. With explicitly SF allocation, backhaul subframe location will be varied and predefined HARQ timing configuration for backhaul link will be harder.
Proposal1: for FDD, symmetry backhaul SF allocation is enough. Then implicit uplink backhaul subframe configuration based on fixed timing similar to Release 8 could be enough for FDD unless compelling use cases for asymmetric allocation are found.  
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Figure 1 an example for symmetry backhaul SF allocation
2.2

TDD
In TDD, relay node will operate at some pre-configured TDD configurations, which means asymmetry traffic characteristic has been considered implicitly already by network. Then in TDD, it is natural to have asymmetry backhaul SF allocation also, actually a symmetric allocation will not even be possible for some TDD configurations because the number of SFs in UL and DL that are potentially available for backhaul may differ significantly. The asymmetric allocation is quite easy to be implemented for some TDD patterns at least and does not introduce complexity to standard by using R’8 HARQ timing implicitly. 

However, fully reusing R’8 HARQ timing for UL backhaul SF reservation in terms of DL backhaul SF location may not be suitable for some TDD configurations because it may lead to situations where no UL SFs would be left available at the RN cell. Figure 2 below shows a simple example for TDD configuration4: if DL SF 4, 7, 8 ,9 is reserved for DL backhaul, then UL SF 2, 3 is reserved for UL backhaul implicitly according to R’8 HARQ timing, Thus there are not any UL SFs left for the RN cell. So purely implicit way by re-using R’8 HARQ timing is impossible.
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Figure 2 an example for implicit UL SF allocation in TDD configuration4

Proposal2: for TDD, asymmetry backhaul SF allocation is a natural way; and to use explicit uplink backhaul subframe configuration for some TDD configurations at least, similar to the release 8 TDD configurations. 
4
Conclusions

In this document, we are discussing about the backhaul SF allocation issues. It concludes symmetry backhaul SF allocation is enough for FDD, which means an implicit signalling way. For TDD, asymmetry allocation is a natural way and explicit uplink backhaul subframe configuration should be used for some TDD configurations at least.  
We enclose a TP for TR36.814 to capture this conclusion.
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Annex:
Text Proposal for Section 9 for TR36.814 v1.5.1
9.1.1
Resource partitioning for relay-eNodeB link
In order to allow inband backhauling of the relay traffic on the relay-eNodeB link, some resources in the time-frequency space are set aside for this link and cannot be used for the access link on the respective node. At least the following scheme will be supported for this resource partitioning:

General principle for resource partitioning at the relay:

-
eNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)

-
RN → eNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)

Multiplexing of backhaul links in FDD:
-
eNB → RN transmissions are done in the DL frequency band

-
RN → eNB transmissions are done in the UL frequency band
-
The time-domain resource of RN → eNB transmissions is implicitly allocated in subframe n+4 upon the time-domain resource allocation of eNB → RN transmissions in subframe n

Multiplexing of backhaul links in TDD:
-
eNB → RN transmissions are done in the DL subframes of the eNB and RN 

-
RN → eNB transmissions are done in the UL subframes of the eNB and RN
-
The time-domain resource of RN → eNB transmissions could be implicitly allocated in subframe n+k upon the time-domain resource allocation of eNB → RN transmissions in subframe n (k is the PUSCH transmission timing in R8); the time-domain resource of RN → eNB transmissions could also be explicitly allocated
