3GPP TSG RAN WG1 Meeting #81                                                                       	                           R1-152904
Fukuoka, Japan, 25th – 29th May 2015

Source:	Panasonic
Title: 	Design of frequency hopping of narrow band
Agenda Item:		6.2.1.1
Document for:	Discussion and Decision
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#80bis [1], the following agreements were made on frequency hopping of narrow band:
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), FFF on response for message 3)
· Hopping pattern between narrow-bands is supported
· FFS on details of hopping pattern

This contribution discusses the design of frequency hopping pattern of narrow band.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Requirement for frequency hopping design
In RAN1#80 [2] and RAN1#80bis [1], followings are agreed for PDSCH, PUSCH, and M-PDCCH in enhanced coverage:
Agreements:
· For Rel-13 low complexity UE in enhanced coverage, the following techniques related to at least unicast PDSCH should be supported
· In order to allow cross-subframe channel estimation, PRB position is the same during at least X subframes 
· X value and configuration are FFS
· This does not preclude dis-continuous transmission for unicast PDSCH
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y.
· Configurability is FFS
· FFS: Other techniques
Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported
· Multiple-SF channel estimation
· Frequency hopping over system bandwidth across subframes
· Network can enable or disable the hopping
· FFS details of configuration
· FFS on other techniques
Agreements:
· For the physical downlink control channel repetition for Rel-13 low-complexity MTC UEs in enhanced coverage, the following techniques are supported
· In order to allow cross-subframe channel estimation, location of a PRB-set for physical downlink control channel for MTC is the same during at least X subframes
· X value and indication are FFS
· This does not preclude dis-continuous transmission for the physical downlink control channel for MTC
· Working assumption: Same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location is switched according to a pattern every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y
· Configurability of X, Y, and frequency hopping is FFS

In order to support cross-subframe channel estimation, frequency hopping of narrow band needs to be designed to switch the frequency location every Y subframes, where Y is equal to or larger than length of subframes used for cross-subframe channel estimation.
In addition, we proposed in [3] to have primary narrow band resource and multiple secondary narrow band resources within the system bandwidth in order to transmit large repetition of unicast and common channels and to accommodate large number of MTC UEs. The collision between these narrow bands needs to be avoided. The hopping pattern of these multiple narrow bands needs to have common hopping pattern but different offset on the frequency position.

Frequency hopping design of narrow bands

Current PUSCH has sub-band-based cell-specific frequency hopping function. The same frequency hopping function could be used for frequency hopping of narrow bands with the size  of sub-band equal to 6 and the extension of hopping interval to Y as shown in Fig. 1. The slight modification of equations for legacy PUSCH hopping [Sect 5.3.4 in TS36.211] is needed. One example of how to modify the equation of current PUSCH hopping for frequency hopping of narrow bands is described in Appendix A for details. The same hopping pattern can be used for both uplink and downlink. As only one hopping function is used in a cell, the collision between these narrow bands can be avoided. These hopping patterns can be at least for large coverage enhancement case, where pre-determined hopping patterns are sufficient. Depending on the outcome of required switching time, some more modification would be required.

[image: ] 
            (a) Sub-band-based current PUSCH hopping            (b) Extension of sub-band-based current PUSCH hopping 
                                                                                                       for narrow bands
Fig. 1 Frequency hopping of narrow bands.


Proposal: Frequency hopping design of narrow bands uses current PUSCH sub-band-based frequency hopping with the size  of sub-band equal to 6 and the extension of hopping interval to Y.
Conclusion
This contribution discusses the design of frequency hopping schemes of narrow band and we have the following proposal: 

Proposal: Frequency hopping design of narrow bands uses current PUSCH sub-band-based frequency hopping with the size  of sub-band equal to 6 and the extension of hopping interval to Y.
Reference 
[1] 3GPP RAN1#80bis, Chairman’s note
[2] R1-151454, “Final Report RAN1 #80 meeting,” MCC
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Appendix A: Detailed design of frequency hopping for narrow bands 

The equation of current PUSCH hopping is as follows. The physical resource blocks to be used for transmission in slot ns is given by

						(1)

																	(2)

																			(3)

																					(4)


where nVRB is obtained from the scheduling grant.  is the pusch-HoppingOffset provided by higher layers. The size  of each sub-band is given by

																(5)
where the number of sub-bands Nsb is given by higher layers. fhop(i) is the hopping function and fm(i) is the function related to mirroring.



Eq. (2) provides the hopping interval and then, by modifying Eq. (2) to , Y subframes are same PRB position. Since the  is the number of PRBs in each sub-band, =6 means sub-band-band based hopping with 6PRB granularity. 
Current PUSCH hopping equation could be used for frequency hopping of narrow band by changing the equations in Sect 5.3.4 of TS36.211as follows. The differences from the equations in Sect 5.3.4 of TS36.211 are emphasized by bold type.

		(6)

																											(7)

																						(8)

																											(9)



where nVRB is obtained from the scheduling grant (nVRB=0~5).  is the pusch-HoppingOffset provided by higher layers.  is the different offset different offset on the frequency position for m-th narrow band, where m is the index of narrow bands. The size  of each sub-band is given by

 																			(10)

where the number of sub-bands Nsb is given by higher layers and the value of Nsb should be determined in order to be =6. Then, 

 .																			(11)
fhop(i) is the hopping function and fm(i) is the function related to mirroring. The mirroring function could be 0.
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