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Introduction
In 3GPP RAN1# the following agreements have been already made with regard to physical downlink shared channel NB-IoT or NB-PDSCH.
	RAN1 NB-IoT adhoc agreements:
· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE
· It means that only cross subframe scheduling is supported

· For PDSCH: 
· Resource mapping: frequency first, then time.
· QPSK baseline, 16-QAM FFS
· Single process HARQ for PDSCH is realized by adaptive and asynchronous timing transmission
· Channel coding: TBCC
· FFS: RV for NB-PDSCH is supported

· UL multi-tone transmission for the data with 12 tones is supported
· UL multi-tone transmission for the data also supports followings of numbers of multiple 
· {3} with 4 msec resource unit size
· {6} with 2 msec resource unit size
· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 
· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported
· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR



	RAN1#84 agreements:
· DL and UL scheduling delays are indicated in DCI
· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 
· FFS the number of values and the sets of values
· CSS is defined for RAR (as well as paging)

· 16QAM is not supported for NB-PDSCH
· The maximum TBS for NB-PDSCH is 680 bits
· Redundancy versions (RVs) for NB-PDSCH are not supported
· Note that the number(s) of subframes that a TB can be mapped onto for NB-PDSCH is FFS
· Sub-PRB allocations of the NB-PDSCH are not supported
· NB-PDSCH for paging is always scheduled by a control channel

· Adaptive HARQ is supported for uplink.
· The HARQ re-transmissions in the uplink are asynchronous.



	RAN1 NB-IoT adhoc#2 agreements:
· System information change
· Agree DCI format N2 for the flag = 0 case in R1-161561 (Latest 36.212 CR)
· FFS: details on flag = 1 case
· DCI content: 
· Number of repetitions of NB-PDCCH:
· 2 bits (except for CSS for paging)
· 3 bits for CSS for paging
· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:
· 3 bits for NB-PDSCH (except for CSS for paging)
· 0 bits for paging
· 2 bits for NB-PUSCH
· Values are FFS. 
· NPUSCH subcarrier allocations
· 5 bits in UL grant are used to jointly indicate the subcarrier number and starting subcarrier for NB-PUSCH transmission with 15 kHz subcarrier spacing. The total number of valid NB-PUSCH allocations for {12, 6, 3, 1} tone transmission formats and 15 kHz numerology is the sum of
1. One allocation of all 12 tones: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
2. Two non-overlapping allocations of 6 tones: {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}
3. Four non-overlapping allocations of 3 tones: {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}
4. Twelve non-overlapping single-tone allocations: {0}, {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11} and {12}
· 6 bits in UL grant are used to indicate the subcarrier index for NB-PUSCH transmission with 3.75 kHz subcarrier spacing (48 non-overlapping single-tone allocations).
· The set of options for the max number of repetitions in an NB-PDCCH search space is the same for all search spaces
· Rmax is from: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
· MCS/TBS definitions
· Separate indication of and NPRB and ITBS with 3-bit NPRB sizes and 4-bit ITBS and total 7 bits indication





	RAN1 post NB-IoT adhoc#2 email agreements:
how the UE knows its coverage level for the purpose of knowing which gap configuration applies:

· For RACH Msg2 and Msg4, the UE knows its gap configuration according to R_NPDCCH_max configuration of the CSS for Msg2 (i.e., RAR) transmission. This is also the default gap configuration for DL transmission after Msg4.
· For DL transmissions after Msg4, the UE knows its gap configuration according to the UE-specific R_NPDCCH_max configuration. In case there is no R_NPDCCH_max configuration, the UE uses the default gap configuration.

Exact subsets:

· The subset is: {Gap starting point periodicity, Gap size}.
· Gap configuration provides indication on if the DL transmission gap is enabled or disabled.
· Gap starting point is defined over absolute subframe number.

How many gap configurations are needed:

· At least one threshold X1 is defined, and correspondingly one gap configuration can be signaled for R_NPDCCH_max >= X1;
· Decide till RAN1#84bis if a second threshold X2 is defined, and correspondingly a second gap configuration can be signaled for X1 > R_NPDCCH_max >= X2.




In this contribution we discuss the remaining issues for downlink NPDSCH channel.
Gap configuration details 
In the email discussion after the NB-IoT AdHoc #2 meeting, it was agreed that gaps are defined for downlink transmission and that the UE can acquire its coverage level based on R_NPDCCH_max in earlier in the connection setup. In this section we discuss the remaining issues of gap configuration in downlink.
As mentioned in the email agreement, it should be decided if a second threshold should be defined or not. We observe that the set of options for the maximum number of repetitions in an NB-PDCCH search space is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}, spanning quite a large range. Furthermore, subsets of these values should be assigned to each of the up to three configured coverage levels. Based on the required MCL for the extreme coverage case (164 dB MCL) [2] it is suggested to set X1 = 256. 
Proposal 1: The value of X1 equals to 256.
If only one transmission gap is introduced, there is still quite a large difference in the number of repetitions for the UEs with no transmission gaps, up to 128 times larger for the above choice of X1. Even if we change the value of X1, there will still be large range and we would be extending the problems for UEs in both groups. Therefore, with only one defined gap, UEs with small number of repetitions will still be blocked by UEs with large number of repetitions. This problem can be solved by introducing a second gap configuration for UEs in extended coverage, and we can guarantee that UEs with no or few number of repetitions have their own specific transmission times and can communicate without being blocked for a significant amount of time.
Also, as we mention in our contribution for NPDCCH [2], having another gap values allows defining more flexible downlink scheduling delay values for all UEs. Based on this we propose to define two gap configurations which could be related to the different coverage levels. The value of X2 is set to 16. With this setup, we can have minimum difference in terms of number of repetitions between UEs in each gap configuration.
Proposal 2: Two sets of gap configurations are defined for NB-IoT downlink transmission.
Proposal 3: The value of X2 equals to 16.
Based on the above discussion we have to have a set of values for {Gap starting point periodicity, Gap size} per each gap configuration where the gap size should be large enough to allow UEs in lower coverage levels to receive data in downlink without having extended discontinuity in their reception and the periodicity should be set so that there are enough reception opportunities for these UEs, minimizing the delays. 
Another point to keep in mind is that UEs with no gap i.e. normal coverage UEs will be in vast majority in a system. Thus we should give more opportunities to these UEs in each period compared to UEs with defined gap configurations. 
Observation: A majority of UEs in the system are UEs in normal coverage
The second gap configuration can either be a cyclic pattern inside the 1st gap, or a 2nd continuous gap inside the first gap. The two cases are shown in figures 1 and 2. While the first case gives more opportunities for normal coverage UEs in time, the second case has a less complex structure.
. Also, it is possible to have different ordering of the gap/transmission setups in each cycle. Thus, it is necessary to define specific order for gap and transmission period for two configurations so that the UEs in each configuration know where to look for their downlink reception. Therefore we propose that for each configuration the cycle starts with subframes scheduled for downlink transmission for UEs in the configuration followed by the subframes for the gaps as shown in both figure 1 and 2. This way the CSS for paging can be preserved since all the have to start from the same starting subframes.
Proposal 4: For each configuration, the cycle starts with transmission period followed by the subframes for the gaps  
Proposal 5: The 2nd gap configuration is relevant only during the gap period of 1st configuration.
If in each cycle, the transmission period is not scheduled for any UE with R_NPDCCH_max >= X1, then these subframes can be scheduled for UEs with R_NPDCCH_max < X1. The subframes inside the gap cannot be allocated for scheduling UEs with R_NPDCCH_max >= X1, and always should be available if some UE with required number of repetitions less than X1 needs to be scheduled. The exact same principle applies for threshold X2.
Based on the discussion there are two possible way to introduce the gaps, one with cyclic gaps of the  2nd configuration inside the gap of the 1st configuration as shown in Figure 1, and another one with both contiguous gaps for 1st and 2nd configuration in one cycle as shown in figure 2. Note that this cycle will be repeated periodically regardless of these two separations for 2nd gap structure.
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Figure 1 Two level gap configurations with cyclic structure for 2nd gap
[image: ]
Figure 2 Two level gap configurations with contiguous 2nd gap
Taking these into consideration we propose the following values 
Proposal 6: For UEs R_NPDCCH_max >= X1
· {Gap starting point periodicity, Gap size} = {(x1)/2+(x1)/2, (x1)/2} = {128+128, 128}

Proposal 7: For UEs x1 >= R_NPDCCH_max >= X2
· Alt1. {Gap starting point periodicity, Gap size} = {X2, (x2)/2} = {16, 8}
· Alt2. {Gap starting point periodicity, Gap size} = {(X1)/4, (x1)/8} = {64, 32}
 
In order to handle Invalid subframes, they can be inserted or kept inside the gap cycles in such a way that the grid still contains the same number of valid subframes. However, after the insertion of the invalid subframe, the total number of subframes increases.
Proposal 8: Invalid subframes are inserted in the gap cycle maintaining the same amount of valid subframes.
Gaps for SIBs and paging transmission
Since the transmission for system information blocks (SIBs) is periodic with discontinuous transmission pattern, There is no need to introduce gaps for SIBs.
Proposal 9: Gaps shall not be introduced for the SIBs transmission.
In case of paging, since for both NPDCCH CSS for paging and PDSCH which carries the paging message, the number of subframe repetitions can exceed both gap configuration thresholds. It is proposed to use gap in this case. 
Proposal 10: Gaps configuration is applied for both NPDCCH CSS for paging and PDSCH carrying the paging message. 
[bookmark: _GoBack]Transmission interrupted by the gap configuration
If the remaining number of subframes inside each gap configuration is not enough to support the whole number of repetitions for the current transmission, it is proposed to postpone the remaining number of repetitions to the next available subframe. The other option is to drop the transmission in this situation; however this will result in performance loss.   
Proposal 11: it is proposed to postpone the repetitions until next available subframe if the transmission is cut short by the end of the gap configuration.
Conclusions
In this contribution we have gap configuration details format and channel multiplexing aspects regarding NB-PDCCH. Based on the discussions, we make the below proposals.
Proposal 1: The value of X1 equals to 256.
Proposal 2: Two sets of gap configurations are defined for NB-IoT downlink transmission.
Proposal 3: The value of X2 equals to 16.
Proposal 4: For each configuration, the cycle starts with transmission period followed by the subframes for the gaps  
Proposal 5: The 2nd gap configuration is relevant only during the gap period of 1st configuration.
Proposal 6: For UEs R_NPDCCH_max >= X1
· {Gap starting point periodicity, Gap size} = {(x1)/2+(x1)/2, (x1)/2} = {128+128, 128}

Proposal 7: For UEs x1 >= R_NPDCCH_max >= X2
· Alt1. {Gap starting point periodicity, Gap size} = {X2, (x2)/2} = {16, 8}
· Alt2. {Gap starting point periodicity, Gap size} = {(X1)/4, (x1)/8} = {64, 32}
 Proposal 8: Invalid subframes are inserted in the gap cycle maintaining the same amount of valid subframes.
Proposal 9: Gaps shall not be introduced for the SIBs transmission.
Proposal 10: Gaps configuration is applied for both NPDCCH CSS for paging and PDSCH carrying the paging message.
Proposal 11: it is proposed to postpone the repetitions until next available subframe if the transmission is cut short by the end of the gap configuration.
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