3GPP TSG RAN WG1 Meeting #81
R1-152954
Fukuoka, Japan, 25th - 29th May 2015
Source:               ZTE

Title:                   PRB group definition and frequency hopping for MTC enhancement
Agenda item:     6.2.1.1
Document for:    Discussion and Decision

1 Introduction

During RAN1 #80bis meeting, some agreements and conclusions were as following [1].
Agreements:
· A set of DL and UL narrow-band(s) are known to UE

· Definition of narrow-band(s) is specified in the spec

· FFS details of a definition of narrow-band(s)

· FFS on how to UE knows available narrow-band(s) for MTC UEs

· One narrow-band size is 6PRB

· FFS on other narrow-band size(s)

· PRBs in a narrow-band are aligned with legacy PRB mapping

· Frequency hopping over the system bandwidth is not used for at least

· PSS/SSS

· PBCH

· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)

· Hopping pattern between narrow-bands is supported

· FFS on details of hopping pattern
· PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

· FFS: Which Option to select may depend on amount of required coverage enhancement

· It means one or two option(s) in total
In this contribution, considerations on PRB group definition, resource allocation and hopping are discussed for Rel-13 low complexity UEs in normal and enhanced coverage. Note that M-PDCCH and EPDCCH have the same meaning in this contribution.
2 PRB group definition
The RF bandwidth of Rel-13 low complexity UEs is 1.4MHz. In order to support Rel-13 low complexity UEs to operate in system bandwidth larger than 1.4MHz, there is a need to divide the system bandwidth into multiple PRB groups.  Based on the PRB group definition, eNB can configure the specific PRB group for PRACH, M-PDCCH and other control-less physical channels. 
The possible PRB group definitions for channels except for PSS/SSS and PBCH are discussed as below:

Option 1: PRBs are divided into multiple PRB groups from the center to two sides of a system bandwidth. Except for the center PRB group, a PRB group is composed of 6 consecutive PRBs. For even system bandwidth, center PRB group includes center 6 PRBs. Two different definitions for center PRB group for odd system bandwidth are shown in Figure 1a and 1b.
Center PRB group is composed of 5 PRBs in Figure 1a, in which DC of the center PRB group is aligned with DC of the system bandwidth. In Figure 1b, center PRB group is composed of 6 PRBs and the DC of the center PRB group is not aligned with DC of the system bandwidth.
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Figure 1 Center PRB group for odd system bandwidth
Option 2: PRBs are divided into multiple PRB groups from PRB index #0, every 6 consecutive PRBs is defined as a PRB group.

Compared with option 2, a UE is allowed to receive PSS/SSS, PBCH and PDSCH in the same narrow band and retuning may be not necessary for option 1 (1a for odd system bandwidth). From this point of view, option 1 is preferable.
In order to make the definition of PRB group contains all the PRBs, the remaining consecutive PRBs less than 6 can be defined as a PRB group. Alternatively, a new 6-PRB group is composed of the remaining PRBs and several PRBs in the neighboring PRB groups. 
In addition, if multiple PRACH resources are configured for PRACH, the PRB groups for PRACH can be configured in the same way as that of existing TDD.
Proposal 1: PRBs are divided into multiple PRB groups from the center to two sides of a system bandwidth.
Proposal 2: If multiple PRACH resources are configured for PRACH, the PRB groups for PRACH can be configured in the same way as that of existing TDD.
3 Resource Allocation
In RAN1#80bis meeting, three options are discussed for PDSCH narrowband location in the first subframe containing PDSCH which is scheduled by EPDCCH:

· Option 1: Dynamic narrowband location indicated by DCI

· Option 2: Same narrowband location as the associated EPDCCH

· Option 3: Known narrowband location

3.1 Resource allocation in normal coverage
In normal coverage, maximum scheduling gain can be achieved if the UE can be scheduled to the suitable resource according to the UE’s channel condition. From this point of view, option 1 is better than other two options. Based on option 1, there may have two resource allocation methods. 
· Alt 1: Resource allocation is based on the predefined PRB groups. DCI indicates one of narrow-band and further indicate resource allocation within narrow-band
· Alt 2: One or multiple PRBs in any 6 consecutive PRBs within the system bandwidth can be allocated
We have analyzed the resource allocation overhead for Alt 1and Alt 2 under two different allocation type (Type 1 and Type 2).
· Type 1: the resource allocated to the UE is continuous;
· Type 2: the resource allocated to the UE is continuous or discontinuous 
For Alt 1, the overhead is 
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for Type 1 allocation, in which 
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 for Type 2 allocation. For Alt 2, the overhead is 
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for Type 1 allocation while the overhead is 
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for Type 2 allocation.  Overhead comparison between Alt 1 and Alt 2 is summarized in Table 1.

Table 1
	System bandwidth

(number of PRBs)
	Number of

PRB group
	Type 1
	Type 2

	
	
	Alt. 1
	Alt. 2
	Alt. 1
	Alt. 2

	3MHz(15)
	3
	7
	7
	8
	9

	5MHz (25)
	5
	8
	8
	9
	10

	10MHz (50)
	9
	9
	9
	10
	11

	15MHz(75)
	13
	9
	9
	10
	12

	20MHz(100)
	17
	10
	10
	11
	12


For uplink Type 1 resource allocation, the overhead of Alt 1 and Alt 2 is the same. Considering the flexibility, Alt 2 is better. For downlink resource allocation, Alt 2 is better if Type 1 allocation is used. If Type 2 allocation is used in downlink, overhead of Alt.2 would be slightly larger than Alt. 1. But considering the flexibility of resource allocation, Alt 2 is preferable. 
3.2 Resource allocation in enhanced coverage
Repetition is required in enhanced coverage. Compact DCI would be used to reduce the repetition number of M-PDCCH (i.e., EPDCCH).  Payload of DCI can be reduced by some restriction on resource allocation, for example, to restrict the allocation granularity to “MTC-RBG”. MTC-RBG may be an RBG or partial RBG. As shown in Figure 2, The RBG size in Figure 2a and 2b are 2 and 3 respectively and MTC-RBG is same as RBG. RBG size in Figure 2c is 4 and each MTC-RBG is composed of 2 consecutive PRBs within a RBG. Another benefit of such restriction on resource allocation is to avoid segmentation of legacy RBG thus reduce the impact on resource allocation of legacy UEs.
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Figure 2 Definition of MTC-RBG
Proposal 3: Narrowband location of PDSCH scheduled by M-PDCCH is dynamically indicated by DCI.
Proposal 4: Resource allocation of one or multiple PRBs in any 6 consecutive PRBs within the system bandwidth is supported.
Proposal 5: Some restriction on resource allocation should be considered for Rel-13 low complexity UEs in enhanced coverage.
4 Frequency hopping
4.1 General consideration
Except for PSS/SSS and PBCH, frequency hopping of other downlink channels can reduce the repetition times. For neighboring cells, cell-specific hopping pattern is more beneficial for interference randomization than cell-common. For a specific cell, common or channel-specific hopping pattern may be considered for different channels.

In downlink, if M-PDCCH and PDSCH are allowed to be transmitted in same narrow band, common hopping pattern should be considered to avoid collisions between channels. If hopping related parameters are informed by MTC SIBs, at least hopping pattern of MTC SIB1 is channel specific and predefined. Hopping patterns of other channels are determined by hopping related parameters carried by MTC SIBs.
In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively.  If common hopping pattern is used for PRACH and PUSCH, both channels cannot transmit correctly once collision of two channels occurs. Alternatively, if different hopping pattern is applied for PRACH and PUSCH, collision of two channels may only occur in some subframes and smaller impact is expected.

Proposal 6: For neighboring cells, cell-specific hopping pattern is more beneficial for interference randomization than cell-common. For a specific cell, common or channel-specific hopping pattern may be considered for different channels.
· In downlink, common or channel specific hopping pattern can be considered.

· In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively.

4.2 Design of hopping pattern

eNB should configure hopping related parameters for Rel-13 low complexity UEs in enhanced coverage before frequency hopping.  The followings are key points for hopping pattern design.
· Hopping granularity in time domain

For channel specific hopping pattern, considering that UEs with different repetition levels may be multiplexed, the hopping granularity could be a fixe hopping granularity value equal to the lowest repetition times or half of it. For common hopping pattern for multiple channels, the hopping granularity can be determined by the channel with lowest repetition times.
· The number of hopping frequency locations

Since the performance of hopping between two frequency locations is good enough, the number of frequency locations for the hopping could be limited to two in order to simplify the UEs’ behavior.  In this case, the candidate subbands set configured by eNB can be in the form of pairs. The UE would do frequency hopping between the paired narrow bands.
· Hopping rule in frequency domain

The hopping rule should be independent of the number and the location of the available narrow bands. Two examples are given in Figure 3.  Mirroring pattern in available narrow bands is applied in Figure 3a. In Figure 3b, frequency hopping would be done by a fixed offset.
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Figure 3 Hopping rule in frequency domain 
Proposal 7: The number of frequency locations for hopping could be limited to two.

Proposal 8: For channel specific hopping pattern, the hopping granularity could be a fixe hopping granularity value equal to the lowest repetition times or half of it. If common hopping pattern is applied for multiple channels, the hopping granularity can be determined by the channel with lowest repetition times.
Proposal 9: The hopping rule in frequency domain should be independent of the available narrow bands.
5 Conclusions
In this contribution, further considerations on PRB group definition, resource allocation and hopping are discussed for Rel-13 low complexity UEs in normal and/or enhanced coverage. We make the following proposals:
Proposal 1: PRBs are divided into multiple PRB groups from the center to two sides of a system bandwidth.

Proposal 2: If multiple PRACH resources are configured for PRACH, the PRB groups for PRACH can be configured in the same way as that of existing TDD.
Proposal 3: Narrowband location of PDSCH scheduled by M-PDCCH is dynamically indicated by DCI.

Proposal 4: Resource allocation of one or multiple PRBs in any 6 consecutive PRBs within the system bandwidth is supported.
Proposal 5: Some restriction on resource allocation should be considered for Rel-13 low complexity UEs in enhanced coverage.
Proposal 6: For neighboring cells, cell-specific hopping pattern is more beneficial for interference randomization than cell-common. For a specific cell, common or channel-specific hopping pattern may be considered for different channels.

· In downlink, common or channel specific hopping pattern can be considered.

· In uplink, channel-specific hopping pattern can be applied to PRACH, PUCCH and PUSCH respectively.

Proposal 7: The number of frequency locations for hopping could be limited to two.

Proposal 8: For channel specific hopping pattern, the hopping granularity could be a fixe hopping granularity value equal to the lowest repetition times or half of it. If common hopping pattern is applied for multiple channels, the hopping granularity can be determined by the channel with lowest repetition times.

Proposal 9: The hopping rule in frequency domain should be independent of the available narrow bands.
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