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1 Introduction

In previous meetings, the following agreements were made. 

	RAN1#82bis agreement:
· Frequency hopping for SIB1bis is always used at least for system bandwidth ≥ 5MHz 

· SIB1bis frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth

· narrowbands = 2 for system BW of 12-50 RBs

· narrowbands = 4 for system BW of 51-110 RBs

· The mentioned narrowbands are determined based on cell ID and system bandwidth 

· FFS on how to handle the case if SIB1bis overlaps with PBCH

· The hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN)

RAN1#82bis agreement:
· For M-PDCCH/PDSCH, when frequency hopping is used, frequency hopping occurs between:

· a per cell configurable number of narrowbands of 2 or 4

· If/when frequency hopping is applied to a DL/UL physical channel, 

· Location of the PRB(s) is the same during YCH=X consecutive subframes

· YCH (frequency hopping granularity) is configured per CE level

· Configuration of frequency hopping 

· for paging M-PDCCH and MTC-SIBx is in a cell-specific manner

· For paging, FFS the corresponding PDSCH

· for RAR/msg3/msg4, is per “coverage level” (including non-CE) in a cell-specific manner

· for unicast is per UE, in a UE-specific manner

RAN1#82bis working assumption:
· For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands




2 Timing relationship 

2.1 UL frequency retuning gap handling
In general, to preserve the orthogonality, PUCCH should be protected as much as possible in terms of handling retuning gap. How to handle retuning in the case of PUCCH transmission, thus, require the design of PUCCH transmission when different repetition levels of PUCCH are multiplexed.  In terms of supporting frequency hopping of PUCCH with repetition, two mechanisms can be considered. One is that the hopping function applies in every X subframes which then lead different hopping occurrence per UE. The other approach is to align hopping function among UEs regardless of starting subframe of PUCCH repetition such that the hopping could occur simultaneously regardless of repetition number and starting subframe. The second example is shown in Figure 1. 
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Figure 1. Example PUCCH hopping among different UEs with different stating subframe
If this mechanism is used, it can be also applied to the case of R = 1 where the physical resource can be different/determined based on subframe index or SFN. If the first approach is used, the most suitable approach to handle retuning latency in case of PUCCH transmission would be not to puncture any OFDM symbol during PUCCH transmission.  For the first case, it is also need to be clarified whether R = 1 case will utilize frequency hopping or not. In our view, to allow efficient multiplexing with other small repetition case PUCCH transmissions which will use hopping, we think hopping should be also used in case of R = 1. Though the hopping granularity can be larger than 1. Hopping granularity should be common among UEs which share the same physical RB locations for PUCCH transmissions. To simplify the design, we prefer to have a cell-specific hopping granularity for PUCCH hopping. To avoid puncturing on PUCCH, one way to handle PUCCH-PUCCH hopping is to allow 1msec gap between. This however will change the HARQ-ACK timing, particularly, in case of no repetition or small repetition case.
If the second approach is used, since the hopping patterns are aligned among UEs, it is also considerable to use “shortened PUCCH” format at the hopping instance. For example, if PUCCH hopping occurs in every 5msec, in subframe #4, end-shortened PUCCH (puncture the last OFDM symbol) can be used, and in subframe #5, start-shortened PUCCH (puncture the first OFDM symbol) can be used. In terms of start-shortened PUCCH, the same mapping used in second slot of legacy shortened PUCCH can be used. 
In summary, our proposals to handle frequency hopping for uplink are as the followings:
· PUCCH resource is determined by a cell-specific hopping pattern regardless of coverage level

· PUCCH hopping occurs in every ( SFN * 10 + subframe index ) % X = 0 regardless of repetition number, starting subframe, invalid/valid subframe. 

· Uplink frequency retuning at subframe n when hopping needs to be occurred is handled as follows:

	Subframe n-1
	Subfame n
	Handling

	PUSCH
	PUCCH
	Puncture last two OFDM symbols from subframe n-1

	PUSCH
	PUSCH
	Puncture one OFDM symbol from subframe n-1, and first OFDM symbol from n

	PUSCH/PUCCH
	M-PDCCH/PDSCH
	In TDD, legacy PDCCH region is used. In HD-FDD, subframe n is a gap subframe

	PUCCH
	PUSCH
	Puncture first two OFDM symbols from subframe n

	PUCCH
	PUCCH
	Based on the proposal, it is assumed that this is aligned among UEs. End-shortened PUCCH is used in subframe n -1, start-shortened PUCCH is used in subframe n. 

	M-PDCCH/PDSCH
	PUCCH/PUSCH
	In TDD, gap in special subframe is used. In HD-FDD, subframe n-1 is a gap subframe


2.2 Remaining issues related to valid subframe
Handling of PRS:

In current specification, a UE is not expected to handle PRS and EPDCCH/PDSCH simultaneously, and it’s up to the network to handle the collision. We think similar mechanism can be used for eMTC as well. For example, for M-PDCCH/PDSCH repetition, if performance impact is expected to be considerable, the network may configure invalid subframe on potential PRS subframes to avoid transmission. If not, PRS can puncture M-PDCCH/PDSCH repetition which may lead performance degradation. We do not see the major motivation to introduce signalling of PRS configuration just for data rate matching purpose.  

Proposal 1: PRS can puncture M-PDCCH/PDSCH repetition in case eNB cannot avoid transmission of M-PDCCH/PDSCH repetition. A UE is not expected to receive PRS and M-PDCCH/PDSCH at the same subframe. 

In terms of bitmap length, we consider that valid subframe should be able to signal normal subframe as invalid subframe. If only MBSFN subframe can be signaled, valid subframe signaling can be placed in SIB2 rather than SIB1 along with MBSFN configuration where the bitmap size would be defined as the number of MBSFN subframe in a given period (i.e., depending on MBSFN configuration). If the bitmap size is a concern to cover 40msec, we consider reducing to 20msec still covering normal subframes as well as MBSFN subframes would be more desired. 
Proposal 2: 20 or 40 bits of valid subframe configuration covering both normal and MBSFN subframe is signaled. 
2.3 Time offset between physical channels
We think legacy timing can be used for time offset between physical channels for example between PDSCH and PUCCH, and between UL grant and PUSCH. In half-duplex FDD, it is shown that relaxing HARQ timing could benefit data rate. As half-duplex FDD is prioritized over full-duplex FDD, and relaxing HARQ timing would help UE complexity as well, we think relaxation of k to 5 is also acceptable. When it counts the number of subframes for k, we consider k will be counted regardless of invalid/valid UL subframe. In other words, in subframe n+4 or n+5, PUSCH or PUCCH will be started. If any subframe including the first subframe is an invalid subframe, the transmission will be skipped if R > 1. In case of R = 1, per the agreement, it can override valid subframe configuration. To avoid data transmission in invalid subframe, the network would avoid via scheduling. 
Proposal 3: k between UL grant and PUSCH would be 4 or 5. n+4 or n+5 regardless of how many invalid UL subframes in between n and n+4/5, subframe n+4 or n+5 is a starting subframe of PUSCH. All invalid subframes including the first subframe will be skipped from the repetition if R > 1. In case of R = 1, PUSCH will be transmitted. Similar handling to PUCCH is also applied.
2.4 Measurement gap

In terms of measurement, three different measurements are considered. One is the measurement on the serving cell, another is intra-frequency measurements, and the last is inter-frequency measurements. For the serving cell, unless, it is required to read PSS/SSS, which may be done only in RRC_IDLE, measurement can occur in another narrowband. Particularly, serving cell measurement may be performed on narrowband(s) where M-PDCCH is monitored. For intra-frequency, for normal or small coverage case, the current measurement gap could be reused. In a large coverage case, given that a UE needs to acquire more PSS/SSS to detect a cell in enhanced coverage, utilizing the current measurement gap would lead large latency in terms of cell detection, and may lead poor performance. It’s however noted that we are not clear whether intra-frequency measurement on UEs of large coverage enhancement is needed when the UE is in RRC_CONNECED. A UE can tune to the center 6PRB while it is in RRC_IDLE for intra-frequency measurement. Thus, we prefer not to support intra-frequency measurement via measurement gap for UEs in CE mode B. 
Proposal 4: Current measurement gap can be reused for UEs in CE mode A. Intra-frequency measurement in RRC_CONNECTED based on a measurement gap would not be supported for UEs in CE mode B. 

3 Frequency hopping 
3.1 Frequency hopping of SIB1bis
Hopping of SIB1bis would occur between two narrowbands or four narrowbands depending on the system bandwidth. In both cases, we consider some inter-cell randomization in terms of frequency/time resource of SIB1bis would be beneficial. Per the agreement, the narrowbands would be selected based on cell ID and system bandwidth. To randomize the frequency location may have some impact on legacy UEs as it could impact DVRB resource allocation to legacy UEs. To minimize the impact on legacy UEs and maximize the frequency diversity gain, it can be considered to place narrowbands in the edge of system bandwidth. To have inter-cell randomization, hopping pattern can be randomized based on cell ID. If different narrowbands can be selected based on cell ID, a simple hopping mechanism (e.g., mirroring) can be used. In terms of hopping function, which will be determined based on cell ID, subframe index/SFN, some alignment with other hopping such as SIs, common data, unicast/broadcast need to be considered. 
3.2 Frequency hopping function 

It is agreed that different hopping granularity can be used per coverage level, and disable/enable of frequency hopping is UE-specific for unicast data/control. Further, it is agreed to use cell-specific hopping granularity for M-PDCCH scheduling paging and CE-level cell-specific hopping granularity for RAR. In determining frequency hopping, how to apply frequency hopping needs to be clarified. One example is to apply hopping in every X msec regardless of valid/invalid subframes starting from the start of the transmission. For example, for M-PDCCH, starting subframe of M-PDCCH monitoring is used for starting of hopping. For PDSCH, the starting subframe can be determined based on scheduling mechanism and set of valid subframe. If this is applied, it is possible that hopping of one UE’s M-PDCCH transmission may not be aligned with hopping of the other UE’s PDSCH in terms of hopping occurrence, this would complicate the scheduling decision to avoid possible collision in consideration of repetition number of M-PDCCH, invalid subframe, etc. 

The example is shown in Figure 2. As shown in the example, M-PDCCH of UE3 may collide with PDSCH of UE2 unless the scheduler schedules PDSCH of UE2 in a different narrowband set or avoid collision carefully. Thus, some alignment is desired. One alignment would be to align hopping sequence which will be a function of repetition number, subframe index/SFN similar to SFN. For example, instead of PDSCH of UE2 hops in every YCH msec starting from the starting subframe, it can hop in every (SFN * 10 + subframe index) % YCH = 0. If this is applied, potential collisions can be reduced as hopping sequence is rather deterministic and not varied due to the set of invalid subframe or other factors. It is further suggested not to multiplex different hopping granularity transmissions, as it may also potentially increase the collision probability among different granularity. 
In terms of minimum hopping granularity, as hopping in every subframe may cause loosing of CRS of two OFDM symbols in every subframe (and thus could affect channel estimation performance), we consider 2 would be sufficient. 
Based on this, we propose the followings.

Proposal 5: If hopping granularity Y is used, a UE may change its frequency in every (SFN * 10 + subframe index) % Y = 0 regardless of valid/invalid subframe and starting subframe of the transmission. 

Proposal 6: the minimum hopping granularity Y can be 2. 
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Figure 2. Hopping Example of different CE levels 
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Figure 3. Aligned hopping

PUCCH hopping pattern:

As discussed in our companion contribution [1], we think slot-hopping pattern can be expanded to subframe-hopping with some resource mapping change. In other words, symmetric hopping pattern can be used for PUCCH hopping. In our view, for PUCCH hopping, we consider resource is rather mapped to different PRB location depending on the subframe index or SFN depending on the hopping granularity. A UE searches physical location based on resource mapping, where physical location of one PUCCH resource would change in every X msec. 
PUSCH/PRACH hopping pattern: 

The offset between two/four narrowbands would be semi-statically configured. It can be either cell-specific or UE-specific configuration. To allow flexibility, UE-specific offset can be considered which then added in addition to cell-specific offset. In other words, the location of another narrowband can be defined as allocated narrowband + cell-specific-offset + UE-specific-offset. For PRACH, CE-level specific offset may be used instead of UE-specific-offset. 

PRACH hopping enable:

PRACH hopping can be enabled per CE level, which can be configured in PRACH configuration. Unless configured otherwise, no hopping is assumed. When PRACH hopping is enabled, per each PRACH resource, multiple PRACH resources can be configured. When frequency hopping is enabled and multiple PRACH frequency resources are configured, a UE may select the initial PRACH resource similar to TDD case. Different from TDD is that instead of hopping frequency only in retransmission, hopping occurs in every M PRACH transmissions. Hopping granularity of M can be also configured per PRACH resource. A default value can be the number of PRACH resource within two radio frames (20msec). 
Paging/RAR hopping pattern:

The location of paging narrowband or RAR M-PDCCH narrowband can be monitored according to hopping pattern. To avoid potential complexity at the scheduler, it would be desirable to assign virtual narrowband index for multiple paging narrowband or RAR M-PDCCH narrowband where physical narrowband can be determined based on the hopping function. One example of paging narrowband hopping is shown in Figure 4.
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Figure 4. Example of Paging Hopping

In terms of the hopping function would be then, 

Physical NB location = {Virtual NB location (configured NB index) + floor ((SFN * 10 + subframe index)/Y(Cell)) * hopping_offset (per hopping) } % number of NBs. 

It can be also considered to have a hopping function instead of fixed offset. If that is the case, PUCCH type 2 hopping function may be used. However, given that not many narrowbands are available in the system bandwidth, we consider configurable offset would be sufficient for the hopping sequence. 

Proposal 7: Hopping sequence is a function of configurable offset, subframe/SFN and hopping granularity of Y. For each configuration of narrowband for paging and RAR, virtual narrowband is assumed if hopping is enabled. 

3.3 Hopping Granularity Configuration
In our view, the potential number of repetitions for M-PDCCH can be {1, 2, 4, 8, 16, 32, 64, 128, FFS:256}. For PDSCH/PUSCH, we consider the repetition number can be increased to {1, 4, 8, 16, 32, 64, 128, 256, 512, 768, 1024, FFS: other number(s)}. Among these values, depending on the coverage level or CE mode, a subset of repetition levels can be configured/indicated to a UE. In terms of configuration of hopping granularity, we see two approaches. One (Configuration 1) is to configure YCH per a subset of repetition numbers where each channel may apply different hopping granularity per repetition number. In case of M-PDCCH, the maximum repetition number can be used to determine hopping granularity. The other approach (Configuration 2) is to configure YCH per PRACH coverage level where each UE determines its YCH based on its PRACH coverage level which then will be applied to all transmissions regardless of actual repetition level used. If the first approach is used, SIB may configure Y value per (starting repetition, end repetition level) range depending on the used narrowbands for hopping. 
Table 1. Example of Y per Configuration 1 mechanism
	Starting repetition level
	End repetition level
	Y (in case of two narrowbands hopping)
	Y (in case of four narrowbands hopping)

	1
	8
	2
	2

	16
	64
	10
	5

	128
	256
	20
	10

	512
	1024
	20
	20


If the second approach is used, PRACH configuration may also include Y value used per coverage level, or can be configured separately to map Y value per coverage level. 

If the first approach is used, if a UE is configured with {1, 2, 4} for M-PDCCH repetition, and {4, 8, 16, 32} for PDSCH repetition, the hopping granularity between M-PDCCH and PDSCH can be different. In fact, the hopping granularity of PDSCH will change depending on the repetition number. If this is supported, we consider that narrowband index should be used for resource allocation even in CE mode B to allow the network scheduling to find a narrowband which can avoid collision with other transmission (it becomes more challenging to multiplex M-PDCCH and PDSCH in the same narrowband with different hopping granularity). To us, this seems unnecessary optimization, and we prefer a simple solution where a UE can be configured with Y per coverage level of each channel (i.e., no dynamic change of hopping granularity per transmission). If this is used, configuration of repetition numbers per each CE level can be as the followings. 

Table 2. Example of Y per Configuration 2 mechanism
	CE level
	Min repetition number of M-PDCCH
	Max repetition number of M-PDCCH
	Min repetition number of M-PDSCH
	Max repetition number of M-PDSCH
	Repetition number of M-PUCCH
	Min repetition number of M-PUSCH
	Max repetition number of M-PUSCH
	Y (two NB)
	Y (four NB)

	0
	1
	4
	1
	8
	1
	1
	8
	2
	2

	1
	4
	16
	16
	64
	4
	16
	64
	4
	2

	2
	16
	64
	64
	256
	16
	64
	256
	10
	5

	3
	32
	128
	128
	1024
	64
	128
	1024
	20
	10


It is noted that CE level of each channel can be configured per UE after initial setup. In that case, hopping granularity can be also changed according to the configuration. 

Proposal 8: Y value is configured per CE level, where CE level can be configured per each channel after initial setup. Until reconfigured, CE level of PRACH is assumed to be used. 

4 Conclusion
We discussed frequency hopping related remaining issues. The following capture our proposals. 

Proposal 1: PRS can puncture M-PDCCH/PDSCH repetition in case eNB cannot avoid transmission of M-PDCCH/PDSCH repetition. A UE is not expected to receive PRS and M-PDCCH/PDSCH at the same subframe. 

Proposal 2: 20 or 40 bits of valid subframe configuration covering both normal and MBSFN subframe is signaled. 
Proposal 3: k between UL grant and PUSCH would be 4 or 5. n+4 or n+5 regardless of how many invalid UL subframes in between n and n+4/5, subframe n+4 or n+5 is a starting subframe of PUSCH. All invalid subframes including the first subframe will be skipped from the repetition if R > 1. In case of R = 1, PUSCH will be transmitted. Similar handling to PUCCH is also applied.
Proposal 4: Current measurement gap can be reused for UEs in CE mode A. Intra-frequency measurement in RRC_CONNECTED based on a measurement gap would not be supported for UEs in CE mode B. 
Proposal 5: If hopping granularity Y is used, a UE may change its frequency in every (SFN * 10 + subframe index) % Y = 0 regardless of valid/invalid subframe and starting subframe of the transmission. 

Proposal 6: the minimum hopping granularity Y can be 2. 

Proposal 7: Hopping sequence is a function of configurable offset, subframe/SFN and hopping granularity of Y. For each configuration of narrowband for paging and RAR, virtual narrowband is assumed if hopping is enabled. 

Proposal 8: Y value is configured per CE level, where CE level can be configured per each channel after initial setup. Until reconfigured, CE level of PRACH is assumed to be used. 
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