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Introduction
In RAN1#80bis [1], the followings were agreed related to cross-subframe scheduling. 

Agreements:
· 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
· From RAN1#80 agreement: for Rel-13 MTC UEs in enhanced coverage, if subframe n is the last physical downlink control channel for MTC repetition then PDSCH start n + k (k > 0)
· Value of k is:
· Option 1: k is fixed
· Option 1-A: k=1 or 2, where PDSCH is allowed to use a different narrowband from the associated EPDCCH
· RAN1 will select a single value of k after receiving RAN4 input on retuning time
· Option 1-B: k=1, where PDSCH always use the same narrowband location as the associated EPDCCH
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· Option 2: k is variable
· When not operating coverage enhancement, Option 1 is used when cross-subframe scheduling is used
· FFS: Which Option to select may depend on amount of required coverage enhancement

Working assumption:
· For Rel-13 low complexity UEs in normal coverage, cross-subframe scheduling (k > 0),
· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 
· This doesn’t preclude predefined frequency hopping 
· FFS: Details on resource allocation field in DCI 
· CSI measurements can be restricted to a subset of the available  narrow-bands
· FFS: details

In RAN1#81[2], the followings are agreed. 

Agreements:
Confirm the following revised working assumption at RAN1#80bis meeting
Working assumption:
· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,
· Case 1:
· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 
· This doesn’t preclude predefined frequency hopping 
· FFS: Details on resource allocation field in DCI 
· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs
· CSI measurements can be restricted to a subset of the available  narrow-bands
· FFS: details
· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband
· This doesn’t preclude predefined frequency hopping 

· Value of k in Case 1 is:
· k>=2
· RAN1 will select a single fixed value of k after receiving RAN4 input on retuning time
· Company should investigate impact on UE complexity of M-PDCCH decoding (R1-153082).
· When k > 2, RTT may need to be modified.
· Value of k in Case 2 is:
· k=1
· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
· This overrides the previous agreement on the previous slide.

Working assumption:
· The UE assumes that at least the following subframes would not be used for at least unicast M-PDCCH/PDSCH repetition
· FFS regarding MBSFN subframe(s)
· Special subframes when special subframe configuration 0 or 5 is used in normal CP (0 or 4 in extended CP)
· Special subframe configuration is signaled by MTC SIB-1
· FFS uplink subframes in TDD 
· FFS on subframe(s) assumed to be used for frequency retuning when frequency hopping occurs in every Y subframes
· FFS on subframe(s) configured for a measurement gap
· FFS on other cases

This contribution discusses further details on timing relationship particularly focusing on cross-narrowband scheduling and the cases when narrowbands are different in adjacent subframes. 

Discussion
Cross-subframe scheduling in normal coverage
When cross-subframe scheduling is used in normal coverage, the timing between M-PDCCH and PDSCH and between M-PDCCH and PUSCH needs to be clarified in consideration of various conditions. In general, cross-subframe scheduling can be represented that PDSCH is transmitted at n+k1 (k1>=1) and PUSCH is transmitted at n+k2 (k2>=4) where M-PDCCH is scheduled at subframe n. Also, timing of n+k3 (k3>=4) of PUCCH transmission where the corresponding PDSCH is transmitted at subframe n needs to be defined. 

(1) k1 between M-PDCCH and PDSCH
First, between M-PDCCH and PDSCH, according to the agreements, k1 can be 1 or 2 depending on frequency retuning latency and scheduling mechanism. In both cases, handling of a case where n+k1 subframe is not a valid downlink subframe to transmit PDSCH needs to be clarified. At least, the following subframes would be considered as invalid downlink subframe for PDSCH transmission. 
· A gap subframe configured by the network for frequency retuning when frequency hopping is used over narrowbands in the entire system bandwidth. It is noted that frequency hopping would occur in multiple subframes. It is also noted that a gap subframe needed to switch the narrowband between M-PDCCH and PDSCH may not be accounted for this case. 
· In case of half-duplex FDD, the gap used for UL to DL switching or DL to UL switching
· In case of TDD, UL subframe (further details on hanlding of eIMTA are in [3]
· In case of TDD, special subframe with DwPTS length is 5 OFDM symbols
· MBSFN subframe which would not be used for data transmission (e.g., TM9 PDSCH transmission)
· A measurement a measurement gap used for RRM and/or CSI
In case n+k1 is an invalid subframe, overall two options can be considered where first option is to drop PDSCH and the other option is to delay PDSCH transmission. In case of the first option, this may restrict the number of subframes usable for downlink transmission. For example, if there are six MBSFN subframes not used for data transmission where subframe #0, #1 and #5, #6 are normal subframe, if k1 is 2 due to frequency retuning latency, there is no subframe available for PDSCH scheduling if the first option is used. Thus, we propose to delay PDSCH transmission to avoid invalid subframe mapping. Using this option, handling of multiple HARQ-processes should be clarified. 
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[bookmark: _Ref419136652]Figure 1. Collision case when k1 = 2 among parallel HARQ processes

As shown in Figure 1, if k1 = 2 due to frequency retuning, possible collision can occur if two MBSFN subframes are considered as invalid downlink subframe. If M-PDCCH is scheduled in the first and second subframe, third and fourth subframes would be used for PDSCH transmission respectively where both subframes would be invalid subframe and thus collision at the next valid downlink subframe (5th subframe) can occur. To address this issue, two approaches can be considered. 
· Count only valid downlink subframes such that PDSCH is always scheduled after k1 valid subframe since M-PDCCH scheduling. In other words, PDSCH is scheduled in k1-th valid subframe after subframe n. In this case, PDSCH corresponding to M-PDCCH in first subframe will be transmitted in 4th subframe and PDSCH corresponding to M-PDCCH in the second subframe will be transmitted in 5th subframe. 
· Assume that frequency retuning subframe always occur in the next subframe of subframe where corresponding M-PDCCH is transmitted. In this example, a UE can assume that second subframe is used for gap subframe since it receives M-PDCCH in the first subframe. This approach may not be so efficient as valid downlink (second subframe) cannot be used for transmission of another M-PDCCH. 
Based on the observations, we propose to consider the first approach. 

Proposal 1: PDSCH is scheduled at k1-th valid downlink subframe after subframe n, where DL grant is transmitted in subframe n. 

Also, if consecutive M-PDCCHs schedule PDSCH with different narrowbands, a frequency retuning gap between two PDSCHs could be also needed. Since a UE can miss one of two M-PDCCHs, in such a case, the network should not schedule two PDSCHs in different narrowbands. If it is not avoided by the network scheduling, a UE can drop the latter one. If the network wants to allow this case, then similar to UL index, downlink index can be used as shown in Figure 2. DL index = 0 means that PDSCH is scheduled in n+k1 and DL index = 1 means that PDSCH is scheduled in n+k1+1. In other words, if DL index = 1, PDSCH is scheduled in k1+1-th valid donwilnk subframe after subframe n. 
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[bookmark: _Ref419535961]Figure 2. Example of DL index to allow consecutive M-PDCCH scheduling

(2) k2 between M-PDCCH and PUSCH and k3 between PDSCH and PUCCH
If all uplink subframes are not usable for PUSCH transmission, similar issue to PDSCH can exist. Examples of possible subframe where PUSCH transmission is not allowed would include subframe reserved for PRACH transmission in the same narrowband, subframe used for frequency retuning gap when frequency hopping across narrowbands is used, etc. If such an issue exists for UL transmission as well, we propose a similar approach to PDSCH timing. 

Proposal 2: In FDD, PUSCH is scheduled at k2-th valid uplink subframe after subframe n, where UL grant is transmitted in subframe n. In FDD, PUCCH is scheduled at k3-th valid uplink subframe after subframe n, where PDSCH  is transmitted in subframe n.

Consideration of TDD
If TDD is used, there are multiple downlink and uplink subframes within a radio frame with different ratio between DL and UL according to DL/UL configuration in normal coverage case. 

In case frequency retuning gap is more than a few OFDM symbols, when center frequency between UL and DL is different between consecutive uplink and downlink subframe in TDD, additional frequency retuning gap may be necessary at switching from UL to DL. For example, if PUCCH resource is located near the edge of system bandwidth, after transmission of PUCCH, frequency retuning may be necessary to narrowband of M-PDCCH. Further invenstigation seems necessary for TDD case in consideration of spectral efficiency. 


Proposal 3: Further investigation on TDD seems necessary considering additional gap between UL to DL and DL/UL configurations. 

Remaining details on FFS points
1 Apply Case 1 to small coverage case: low complexity MTC UEs with single RX/RF chain, and reduced bandwidth capability, it may be necessary to use more than 1 repetitions for control and data channels. Particularly, for common data such as paging, RAR which are multiplexed with those of other UEs, normal UEs may require repeated transmissions on common data. In that regards, we consider the similar or same behaviour can be applied for normal and small coverage. Thus, Case 1 of cross-narrowband scheduling can be applied for small coverage case as well. 
2 Define Case 2: Case 2 may offer the benefit of reduced frequency retuning between M-PDCCH and PDSCH. Case 2 would make more sense for deep coverage case where frequency hopping over repetitions is used. If Case 2 is defined for deep coverage case, it can be considered to be used for small/normal coverage case as well. However, switching between Case 1 and Case 2 should not be dynamic. Rather, it should be semi-statically configured if supported.  When Case 2 is defined for normal/small coverage case, we consider using the same DCI format for Case 1 and 2 is desirable.
3 Scheduling supported in medium/large coverage case: it is our view that frequency hopping is used always for medium/large coverage case (if possible) to minimize the number of repetition. Also, it is not desirable to have subband CSI feedbacks in medium/high coverage in general. In that sense, we consider cross-narrowband scheduling may not be so essential for medium/high coverage. Thus, Case 2 can be used for medium/large coverage case. The details of DCI format used for medium/high coverage can be found in [4]. 


Proposal 4: The same narrowband is assumed for medium/high coverage case for data scheduling to minimize the DCI size. 

Proposal 5: If Case 2 is introduced, the same DCI format between Case 1 and Case 2 is assumed for normal/small coverage case. 

Conclusions
This contributiondiscussed timing details related to cross-subframe scheduling. The followings summairze the proposals. 

Proposal 1: PDSCH is scheduled at k1-th valid downlink subframe after subframe n, where DL grant is transmitted in subframe n. 

Proposal 2: In FDD, PUSCH is scheduled at k2-th valid uplink subframe after subframe n, where UL grant is transmitted in subframe n. In FDD, PUCCH is scheduled at k3-th valid uplink subframe after subframe n, where PDSCH  is transmitted in subframe n.

Proposal 3: Further investigation on TDD seems necessary considering additional gap between UL to DL and DL/UL configurations. 

Proposal 4: The same narrowband is assumed for medium/high coverage case for data scheduling to minimize the DCI size. 

Proposal 5: If Case 2 is introduced, the same DCI format between Case 1 and Case 2 is assumed for normal/small coverage case. 
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