3GPP TSG RAN WG1 #60  
   
 

                  R1-101027
San Francisco, USA, February 22 –26, 2010

Agenda Item:   7.5.1.2
Source:
       LG-Nortel
Title:          Resource wastage in R-PDCCH for TDM+FDM configurations
Document for:   Discussion and Decision
1. Introduction
In previous meetings, many contributions have discussed R-PDCCH multiplexing schemes for relay backhaul link [1-6]. In TDM+FDM multiplexing scheme, there are various types of R-PDCCH configuration for relay backhaul link:
· Semi-static R-PDCCH allocation with single control region or multiple control regions
· Dynamic R-PDCCH allocation with single control region or multiple control regions
In this contribution, we show the simulation results regarding the wastage in relay control channel allocation and compare various aspects between semi-static and dynamic allocations of relay control region. 
2. Semi-dynamic vs. Semi-static R-PDCCH allocation

R-PDCCH region is defined as follows:

· In time domain, the number of symbols occupied by relay control region is fixed in both configurations. (Our preliminary simulation results shows that there is virtually no benefits in varying the number of symbols occupied by R-PDCCH region in dynamic configuration)

· In frequency domain,

· In dynamic R-PDCCH configuration, BW of the region will be varied as per required number of R-PDCCHs in a sub-frame.
· In semi-static R-PDCCH configuration, BW of relay control region is reserved semi-statically. But the actual resource occupied by R-PDCCHs can vary every subframe.
And R-PDCCH region can have single or multiple region(s) in frequency domain.

· In single region configuration, all R-PDCCHs and other control channels are allocated within a single physical control region.

· In multiple region configuration, all R-PDCCHs and other control channels are allocated within multiple physical sub-regions.

· In dynamic R-PDCCH configuration, the size of each physical sub-region can be same or different and such configurations are dynamically configured (assumed the same in this contribution). All physical sub-regions are combined to constitute a single logical control region and all R-PDCCHs and other control channels are allocated within this one logical region.
In semi-static R-PDCCH configuration, the size of each sub-region shall be the same. In each sub-region, a set of R-PDCCHs is allocated and the interleaving of R-PDCCHs is FFS. Only the necessary amount of sub-regions will have R-PDCCHs. In other words, it is possible that some of reserved sub-regions can be allocated for R-PDSCH or PDSCH if they are not allocated for R-PDCCH.

3. Resource Wastage in R-PDCCH allocation 

Generally, the actual resource used for R-PDCCH can vary every subframe depending on the number of RNs,  number of R-PDCCHs and R-PDCCH configurations and it is usually less than allocated resources,. It is difficult to predict the amount of resource for R-PDCCH.

In dynamic configuration, eNB can dynamically determine the actual resource used for R-PDCCH every subframe by indicating the value of BW.

· The value of BW shall be decided as the minimum required possible number of REGs transmitting all R-PDCCHs.

· It is expected that the wastage can be minimized with a single region configuration of R-PDCCH with highest granularity (RE base) but resource wastage should be carefully examined.

In static configuration, some resources (BW) are semi-statically reserved for the allocation of R-PDCCH but the actual resources occupied by R-PDCCHs can vary every sub-frame. 

· Resource wastage highly depends on how much resources are reserved and how many multi regions relay control channel consists of. The number of regions can range from one to as many as number of relays.
· Resource wastage also depends on the size of CCE (9REG or 5REG).
· It is difficult to determine number of sub-regions, size of reserved resources, placement of sub-regions and placement of individual relay control channel, associated signaling and so on.
· If ACK/NACK transmission by DCI format is configured, there are occasions when no R-PDSCH are associated with ACK/NACK R-PDCCH. Resource wastage incurred from ACK/NACK transmission by R-PDCCH should be examined.
4. Simulation Example
4.1. Simulation Assumptions

In this contribution, simulations are carried out based on 3GPP Case 1.Relay which is shown in Table A.2.1.1.4-1 in [9] for a 10 MHz deployment. Detailed simulation parameters are listed in Appendix.

The network deployment consists of 57 cells with wrap-around. The deployment of RNs is shown in Fig 1. If the number of RNs is less than 10, the RNs are placed on the circle with radius R1 = cell radius * 0.8 (see Fig 2(a)). For more than 11 RNs, the RNs are placed on two circles (red dot line), with radius R1 = cell radius * 0.8 and radius R2 = cell radius * 0.9 in each sector, respectively (see Fig 2(b)). And omni-direction receiving antenna is considered at RNs. A fixed number of UEs are randomly dropped within each macro cell. The latest propagation channel model is used.
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Fig 1 RN deployment

For the comparison of resource wastage among R-PDCCH allocation schemes, we have following procedures and assumptions:

1. Compute the actual resources  

· A UE is dropped randomly in a cell and cell selection is carried out to identify active RNs.

· Estimate the actual resources to transmit all R-PDCCHs associated with all active RNs with estimated aggregation level where we introduce mapping method described in [7] and obtain the probability of CCE aggregation level according to [8].

2. Resource wastage for each R-PDCCH configuration can be computed by

· Allocated resources – actual resources computed in procedure 1, where allocated resources are resources corresponding to the minimum required number of sub-regions that contains the actual resources   

We also have following assumptions regarding reserved size of R-PDCCH region in semi-static configuration and other assumptions according to Table 1.

· Reserved size of R-PDCCH region can be identified by number of sub-regions and number of resources in each sub-region. The number of sub-regions are minimum possible integer that is greater than (maximum resources of R-PDCCH region) divided by (resources per one sub-region) where maximum resources of R-PDCCH region is the resources that are required to transmit all R-PDCCHs with possible aggregation level (2 in our simulations). 

· Semi-static allocation with multiple regions A:

· Assuming one sub-region consists of 1 PRBs and can support maximum 1 RN

· Semi-static allocation with multiple regions B:

· Assuming one sub-region consists of 6 PRBs and can support maximum 6 RNs

Table 1. Assumptions for each R-PDCCH configuration

	Parameters
	Dynamic allocation
	Semi-static allocation with multiple regions A
	Semi-static allocation with multiple regions B
	Semi-static allocation with single region

	size of PRB

for R-PDCCH
	11 REGs (using RS)

10 REGs (relay control channel is placed at 2nd slot

8 REGs (using DM-RS)

	size of CCE
	9 REGs
	11 REGs
	9 REGs
	9 REGs

	number of PRBs used for common signalling
	1 ~ 2*
	0
	0
	0

	Multiplexing & interleaving
	All R-PDCCHs are interleaved and spread to multiple regions
	One R-PDCCH is interleaved and spread to one PRB
	A set of R-PDCCHs is interleaved and spread to a set of multiple regions
	All R-PDCCHs is interleaved and spread to single region


* The values are equivalent resource for common signalling.
4.2. Simulation Results
In this document we carried out comparison of resource wastage between R-PDCCH configurations. There are 4 R-PDCCH allocation schemes: dynamic allocation, semi-static allocation with multiple regions A, semi-static allocation with multiple regions B and semi-static allocation with single region. We consider each R-PDCCH allocation scheme can have different size of PRB for R-PDCCH transmission listed in Table 1: (a) 1 PRB = 11REGs (b) 1PRB = 10REGs (c) 1PRB = 8 REGs.
RAN 1 assumes around 10 RNs in a cell and considers no mobility at all while maximum number in RAN2 is 30 ~ 40. For a large number of RNs deployed in a cell, we assume the number of deployed RNs ranges from 1 to 30.

Fig 2 ~ 4 show the required and wasted number of PRBs for a given R-PDCCH allocation schemes. In semi-static allocation with single region (light blue solid line), resource for R-PDCCH is highly wasted when more than 3 RNs is deployed (24 ~ 80 PRBs). In both semi-static allocations with multi region (green and blue solid line), the resource wastage is higher than dynamic allocation (1 ~ 4 PRBs). In case of dynamic allocation, the resource is more wasted than in case of semi-static A allocation when less than 5 RNs is deployed (~ 2PRBs). But the wasted resources are much lower compared to other allocation schemes when a large number RNs are deployed.
It shows that semi-static allocation with multiple regions can minimize resource wastage when a small number of RNs (less than 10) is deployed and dynamic allocation is highly beneficial when more than 10 RNs are deployed.
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 (a) 1 PRB = 11 REGs
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(b) 1 PRB = 10 REGs
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(c) 1 PRB = 8 REGs
Fig 2 Required and wasted number of PRBs for R-PDCCH allocation schemes
(1 PRB is used for common signalling)
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 (a) 1 PRB = 11 REGs
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(b) 1 PRB = 10 REGs
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(c) 1 PRB = 8 REGs
Fig 3 Required and wasted number of PRBs for R-PDCCH allocation schemes
(1.5 PRBs are used for common signalling)
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 (a) 1 PRB = 11 REGs
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(b) 1 PRB = 10 REGs
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(c) 1 PRB = 8 REGs

Fig 4 Required and wasted number of PRBs for R-PDCCH allocation schemes
(2 PRBs are used for common signalling)
Fig 5 ~ 7 show the required and wasted number of PRBs for REG based dynamic allocation. It shows that REG based dynamic allocation can save more resource (0.2 ~ 1.9PRBs) than PRB based. In REG based dynamic allocation, the value of BW for R-PDCCH is signaled in REG base. It provides higher granularity than PRB base so that resource wastage is minimized.
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(a) 1 PRB = 11 REGs
[image: image22.png]Number of PRBs

-e-PRB based allocation |

—+—REG based allocation

Required number of PRBs

15
Number of RNs



[image: image23.png]Number of PRBs

1.8

1.6

N
N

N
N

N

o
@

o
o))

o
~

0.2

Wasted number of PRBs

=e-PRB based allocation
—+—REG based allocation

15
Number of RNs





(b) 1 PRB = 10 REGs
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(c) 1 PRB = 8 REGs

Fig 5 Required and wasted number of PRBs for REG based dynamic allocation
(1 PRB is used for common signalling)
[image: image26.png]Number of PRBs

Required number of PRBs

-e-PRB based allocation |
—+—REG based allocation

15
Number of RNs



[image: image27.png]Number of PRBs

Wasted number of PRBs

=e-PRB based allocation
—+—REG based allocation

15
Number of RNs

20 25 30




(a) 1 PRB = 11 REGs
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(b) 1 PRB = 10 REGs
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(c) 1 PRB = 8 REGs

Fig 6 Required and wasted number of PRBs for REG based dynamic allocation
(1.5 PRBs are used for common signalling)
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(a) 1 PRB = 11 REGs
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(b) 1 PRB = 10 REGs
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(c) 1 PRB = 8 REGs

Fig 7 Required and wasted number of PRBs for REG based dynamic allocation
(2 PRBs are used for common signalling)
Proposal: eNB can choose either semi-static or semi-dynamic configuration is supported depending on the number of RNs.
5. Other aspects

5.1. Signaling Overhead & Performance 

In dynamic configuration, a signaling that indicates the size of BW of relay control region needs to be transmitted over sub-frames where R-PDCCHs are configured.

Over subframes where no R-PDCCH is transmitted, there are two possible options regarding the transmission of the above signaling. 

· The first option is not to transmit the signaling. In such case UE will fail to decode the value of BW or unsuccessfully blind-decode its own R-PDCCH, hence some delay will be incurred. 

· The second option is to transmit signaling bearing zero value. Some resources will be wasted because of unnecessary transmission in this case.
In semi-static configuration no information needs to be transmitted every sub frame regarding the configuration of control channel. However, it is difficult to add any common signaling to the dedicated R-PDCCH region if needed.

In semi-static configuration improvement of SINR can be obtained via beamforming and channel adaptation. However, the performance improvement over already good backhaul channel is seemingly marginal since fixed MCS level of R-PDCCH is to be allocated within predetermined fixed amount of resources. The performance may not be robust unless it is really adapted to channel variations.
5.2. The number of blind decoding 

In dynamic configuration, the number of blind decoding associated with R-PDCCH decoding is comparable with legacy systems if all PDCCHs are interleaved within control region.

In semi-static configuration, BW of relay control region is reserved. Every RN will search for its dedicated R-PDCCH within all reserved region. The number of blind decoding heavily depends on the size of the reserved region in general.

5.3. R-PHICH allocation

In dynamic configuration, R-PHICH can be easily facilitated while some difficulties will be faced in semi-static configuration.

5.4. R-PDCCH Multiplexing and Interleaving

In dynamic configuration, all R-PDCCHs can easily be multiplexed and interleaved together within entire relay control region and the same search space rule can be applied.

In semi-static configuration such interleaving within entire relay control region causes further delay in blind decoding and practically improbable. However, multiplexing and interleaving within each sub-region seems to be possible.

5.5. Scheduling Restriction for PDSCH/R-PDSCH allocation

In Rel-8 UEs PDSCH is allocated within BW where no R-PDCCH is placed in the subframe. But the mechanism that enables PDSCH allocations for Rel-10 UE may be feasible with appropriate signaling. The restriction of PDSCH allocation will be minimized if such scheme is implemented.

In dynamic configuration,

· R-PDSCHs are allocated anywhere within entire BW without any specific signaling since every RN is aware of where other R-PDCCHs are allocated.
In semi-static configuration,

· There is no way of RN or UE knowing whether reserved areas are occupied by other R-PDCCHs or not. Then a signaling is needed in order to allocate different R-PDSCH or PDSCH to PRB pair occupied by other R-PDCCHs.

· Only R-PDSCHs associated with R-PDCCHs are allocated in a sub-region. Each RN can blindly detect its own R-PDCCH but not other R-PDCCHs. This means that each RN will not be able to recognize whether other semi-statically reserved sub-regions are occupied by other R-PDCCHs or not.

· In order to eliminate this scheduling limitation a “new” signaling that indicates whether allocated region for PDSCH are occupied by R-PDCCH or not should be implemented in R-PDCCH.
· Allocation of any common control signaling and legacy type R-PHICH is difficult.
6. Conclusion
In this contribution, we compare various aspects between semi-static and dynamic allocations of relay control region, especially regarding resource wastage.
In a resource wastage point of view, we preferred as followings:
· Multiple region configuration

· For small number of RNs: semi-static allocation
· For large number of RNs: semi-dynamic allocation
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Appendix

Table 2. Simulation parameters and assumptions [TR 36.814 v1.5.1]
	Parameter 
	Value

	Carrier frequency 
	2.0 GHz 

	Frequency bandwidth 
	10 MHz 

	Number of cells
	57

	Inter site distance (ISD)
	500

	Number of RNs per cell
	1 ~ 30

	Distance between eNB and RN 
	Less than 10 RNs, cell radius * 8/10
More than 10 RNs, cell radius * 8/10 and cell radius * 9/10

	Number of UEs in each cell/sector 
	30

	eNB Transmission Power
	46 dBm 

	BS Antenna Gain + body loss
	17 dBi

	BS Antenna Pattern 
	70° beam-width
No vertical antenna pattern

	RN Transmission Power
	30 dBm 

	RN Antenna gain + connector loss
	5 dBi

	RN Antenna Pattern
	Omni-directional antenna

	Pathloss for direct link (from eNB to UEs)
	PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)

For 2GHz, R in km

Penetration loss 20dB

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	Pathloss for backhaul link
	PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.

Prob(R) based on ITU models:

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

Note 1: Bonus for donor macro (from each of its sectors) to relay for optimized deployment by site planning optimization methodology in [A.2.1.1.4]

	Pathloss for access link
	Relay with outdoor coverage antenna:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))
Note 1: this path loss models assume in-band relay. Simulations for out-of-band relay should re-examine this assumption.

Note 2: relay node has an antenna height of 5m, other antenna heights FFS


