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1. Introduction
RAN5 sent an LS to RAN4 [1] asking for UL/DL scheduling used by RF transmitter and receiver test cases. RAN4 has agreed a proposal and send a reply LS to RAN5 to take into account the agreement. 
The proposal defines specific configuration for NPDCCH and for DCI format N0 and N1 in Annex A.2 and A.3 of TS 36.101. Several notes in RMC tables have been added to define possible UL/DL patterns. However, UL/DL patterns have not been considered system information configuration. DL subframes dedicated for system information transmission cannot be used for UL/DL scheduling pattern.

RAN4 scheduling patterns agreed in RAN4 LS have taken into account DL subframes reserved for NPSS/NSSS/NPBCH/NB-SIB1 transmission but not for SI messages. The following figure has been used by RAN4 to define UL scheduling pattern:
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Figure 1. NPDCCH scheduling without SI transmission

The pattern defined in Figure 1 is valid for periods where SI messages transmission does not occur. However, based on TS 36.213 section 16.6, NPDCCH candidates cannot be transmitted in NB-IoT DL subframes used for transmission of SI messages:

An NPDCCH search space 
[image: image2.wmf])

',

(

R

L

k

NS

at aggregation level 
[image: image3.wmf]{

}

2

,

1

'

Î

L

 and repetition level 
[image: image4.wmf]{

}

2048

,

1024

,

512

,

256

,

128

,

64

,

32

,

16

,

8

,

4

,

2

,

1

Î

R

 is defined by a set of NPDCCH candidates where each candidate is repeated in a set of 
[image: image5.wmf]R

consecutive NB-IoT downlink subframes excluding subframes used for transmission of SI messages starting with subframe 
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RAN4 has added several NOTEs in UL RMC to describe deterministic patterns for each UL scheduling scenario. However, RAN4 UL scheduling patterns have not taken into account:
· SI transmission

· NPRACH occasion

· Optimized pattern allowing transmissions in every possible NPDCCH search space.

Besides, an action point (AP#IoT Adhoc3.22) was created in RAN5#3-IoT Adhoc meeting to optimize UL scheduling pattern for all UL RMCs as it was done for DL RMC in [2]. Hence, this document analyses missing RAN4 areas in UL scheduling pattern and provide an alternative optimized UL scheduling pattern.
2. Discussion

Taking into account the analysis done for DL RMC in [2] and the NPDCCH configuration for NPUSCH format 1 scheduling defined by RAN4, this paper proposes optimized UL scheduling patterns.
The attached spreadsheet defines optimized UL scheduling pattern considering the following areas for each UL RMC scenario:

1. NPDCCH configuration defined by RAN4:

· NPDCCH-NumRepetitions (
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· NPDCCH-startSF-USS (G) = 8
· NPDCCH-Offset-USS (
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2. SI messages transmission over NPDCCH transmission in case of collision. Current NB-IoT scheduling information configuration defined in TS 36.508 for combination 1:

· Si-WindowsLenght-r13 = ms160

· Si-Periodicity-r13 = rf64

· Si-RepetitionPattern-r13 = every8thRF
· Si-TB-r13 = b552 (bits)

SI message transmission for SIB2-NB will occur during 8 NB-IoT DL subframes each 64 radio frame and one repetition will occur at 80th subframe (repetition will occur every si-RepetitionPattern during si-windowsLenght) from the beginning of the period.
The following picture summarizes the transmission of SI messages in a SI period:


Figure 2. NPDCCH scheduling based on SI transmission

All NPDCCH and NPUSCH transmissions during a SI period, based on current NPDCCH, DCI and broadcast scheduling, are described in attached spreadsheet. The example in attached spreadsheet schedules NPDCCH in all valid NPDCCH search spaces in order to reduce testing time avoiding any gap in DL transmission. 
3. Postpone NPDCCH transmission until the next NB-IoT downlink subframe in case NPDCCH transmission occurs in a non NB-IoT downlink subframe. Based on TS 36.211 section 10.2.5.5, NPDCCH transmission is postpone until the next NB-IoT DL subframe in case of a collision with a non NB-IoT DL subframe:

The UE shall not expect NPDCCH in subframe 
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 if it is not a NB-IoT downlink subframe. In case of NPDCCH transmissions, in subframes that are not NB-IoT downlink subframes, the NPDCCH transmission is postponed until the next NB-IoT downlink subframe.

Where NB-IoT downlink subframe are defined as:
A NB-IoT UE shall assume a subframe as a NB-IoT DL subframe if

-
the UE determines that the subframe does not contain NPSS/NSSS/NPBCH/NB-SIB1 transmission, and
-
the subframe is configured as NB-IoT DL subframe after the UE has obtained SystemInformationBlockType1-NB.
The proposed UL scheduling pattern described in attached spreadsheet take into account NPDCCH search spaces that occur in a non NB-IoT DL subframe and the NPDCCH transmission is postponed until the next NB-IoT downlink subframe. Figure 3 shows an example in UL scheduling, SFN13 subframe 0 is a NPDCCH search space where a NPDCCH transmission can occur, but the NPDCCH transmission is postponed until SFN13 subframe 1:
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Figure 3. NPDCCH transmission postpone until next NB-IoT DL subframe
Where:
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4. NPUSCH collision with NPRACH occasion. NPRACH scheduling was discussed in R5-170327 [3], where a new NPRACH scheduling was agreed in order to avoid NPUSCH overlapping with NPRACH occasion. The proposed UL scheduling patterns, in attached spreadsheet, have been defined using the new NPRACH scheduling configuration (nprach-StartTime-r13 to ms32 and nprach-Periodicity-r13 to 80ms). As a result, there is not overlapping in frequency domain between NPRACH occasion and NPUSCH transmission for scenarios with 3 tones, 6 tones and 12 tones. Other scenarios do not have overlapping in frequency domain.
Thus, considering all areas described above, new UL scheduling patterns are proposed for each UL RMC: 

· 3.75kHz, Pi/2 BPSK
· 3.75kHz, Pi/4 QPSK
· 15kHz, Pi/2 BPSK, 1 tone
· 15kHz, Pi/4 QPSK, 1 tone
· 15kHz, QPSK, 3 tones
· 15kHz, QPSK, 6 tones
· 15kHz, QPSK, 12 tones
Analysing new UL scheduling pattern and taking into account item 2, the new UL scheduling would have two different patterns with dependencies on SI transmission for each UL RMC. Hence, the proposal adds two patterns for each UL RMC (except for 3.75kHz, 1 tone, and π/2 BPSK modulation case):

· One pattern applies for period where SI transmission occurs. This pattern has a period with same duration as SI windows length (time period where SI messages are transmitted, as described in Figure 2)

· Another pattern where there is not any SI messages transmission. This pattern is repeated each period during SI periodicity. 

Having 2 patterns per UL RMC, one for period containing SI transmission and the other one for periods where there is not transmission of SI messages, we avoid UL pattern dependencies with SI periodicity modification.
Taking into account the whole analysis and the premise to reduce testing time allowing NPDCCH transmission in every valid NPDCCH search space, the following way forward modifies UL scheduling patterns in UL RMC table (Table A.2.4-1) based on patterns defined in attached spreadsheet. 
Proposal: modify NOTE 4, 5, 6, 7, 8, 9 ,10 in Table A.2.4-1 as follows

· NOTE 4: For 3.75kHz, 1 tone, and π/2 BPSK modulation. NPUSCH format 1 is scheduled from the 11th to 74th subframes every 80ms (starting from the 0th subframe). Information bit payload is available if the uplink subframe is scheduled. The corresponding NPDCCH is scheduled at the 2nd subframe every 80ms. NPDCCH transmission is scheduled at the 18th subframe (starting from the 0th subframe) every 80ms and its corresponding NPUSCH format 1 is scheduled 9 subframes after NPDCCH transmission. NPUSCH format 1 transmission has a duration of 64 consecutive ms.

· NOTE 5: For 3.75kHz, 1 tone, and π/4 QPSK modulation. NPUSCH format 1 is scheduled from the 11th to 42nd subframes every 80ms (starting from the 0th subframe). Information bit payload is available if the uplink subframe is scheduled. The corresponding NPDCCH is scheduled at the 2nd subframe every 80ms. NPDCCH transmissions are scheduled at the 18th, 66th and 114th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 51th, 98th, 146th and 194th subframe (starting from the 0th subframe) every 240ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 32 consecutive ms.
· NOTE 6: For 15kHz, 1 tone, and π/2 BPSK modulation. NPUSCH format 1 is scheduled from the 11th to 26th subframes every 40ms (starting from the 0th subframe). Information bit payload is available if the uplink subframe is scheduled. The corresponding NPDCCH is scheduled at the 2nd subframe every 40ms. NPDCCH transmissions are scheduled at the 18th, 51th, 98th and 131th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 34th, 66th, 98th and 131th subframe (starting from the 0th subframe) every 160ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 16 consecutive ms.

· NOTE 7: For 15kHz, 1 tone, and π/4 QPSK modulation. NPUSCH format 1 is scheduled from the 11th to 18th subframes, from the 35th to 42nd subframes, and from the 67th to 74th subframes every 80ms (starting from the 0th subframe). Information bit payload is available if the uplink subframe is scheduled. The corresponding NPDCCH are scheduled at the 2nd, 26th, and 58th subframe every 80ms. NPDCCH transmissions are scheduled at the 18th, 42th, 66th, 98th, 122th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 11th, 34th, 58th, 82th and 106th subframe (starting from the 0th subframe) every 120ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 8 consecutive ms.

· NOTE 8: For 15kHz, 3 tones, and QPSK modulation. NPUSCH format 1 is scheduled from the 11th to 14th subframes and from the 27th to 30th subframes every 40ms (starting from the 0th subframe). Information bit payload is available if the uplink subframe is scheduled. The corresponding NPDCCH are scheduled at the 2nd and 18th subframes every 40ms. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 74th, 98th, 114th, 131th and 154th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 11th and 34th subframe (starting from the 0th subframe) every 40ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 4 consecutive ms.

· NOTE 9: For 15kHz, 6 tones, and QPSK modulation. NPUSCH format 1 is scheduled from the 11th to 12th subframes and from the 27th to 28th subframes every 40ms (starting from the 0th subframe). Information bit payload is available if the uplink subframe is scheduled. The corresponding NPDCCH are scheduled at the 2nd and 18th subframes every 40ms. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 66th, 98th, 114th, 131th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 18th, 34th, 51th and 66th subframe (starting from the 0th subframe) every 80ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 2 consecutive ms.

· NOTE 10: For 15kHz, 12 tones, and QPSK modulation. NPUSCH format 1 is scheduled at the 11th subframe and at the 27th subframe every 40ms (starting from the 0th subframe). Information bit payload is available if the uplink subframe is scheduled. The corresponding NPDCCH are scheduled at the 2nd and 18th subframes every 40ms. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 66th, 98th, 114th, 131th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 18th, 34th, 51th and 66th subframe (starting from the 0th subframe) every 80ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 1 ms.
The new UL scheduling patterns do not contradict patterns defined by RAN4, it just adds SIB2-NB transmission to RAN4’s proposal and optimizes NPDCCH transmissions as RAN5 did for DL RMC in [2]. We think that RAN5 should be in charge of defining the impact of SIB2 transmissions as it depends on specific System Information configuration defined in TS 36.508.
3. Conclusion
It is proposed that RAN5 agrees with the following proposal to solve the issue described in this paper and to optimize UL scheduling pattern for each UL RMC.
Proposal: modify NOTE 4, 5, 6, 7, 8, 9 ,10 in Table A.2.4-1 as follows

· NOTE 4: For 3.75kHz, 1 tone, and π/2 BPSK modulation. NPDCCH transmission is scheduled at the 18th subframe (starting from the 0th subframe) every 80ms and its corresponding NPUSCH format 1 is scheduled 9 subframes after NPDCCH transmission. NPUSCH format 1 transmission has a duration of 64 consecutive ms.

· NOTE 5: For 3.75kHz, 1 tone, and π/4 QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 66th and 114th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 51th, 98th, 146th and 194th subframe (starting from the 0th subframe) every 240ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 32 consecutive ms.

· NOTE 6: For 15kHz, 1 tone, and π/2 BPSK modulation. NPDCCH transmissions are scheduled at the 18th, 51th, 98th and 131th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 34th, 66th, 98th and 131th subframe (starting from the 0th subframe) every 160ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 16 consecutive ms.

· NOTE 7: For 15kHz, 1 tone, and π/4 QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 42th, 66th, 98th, 122th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 11th, 34th, 58th, 82th and 106th subframe (starting from the 0th subframe) every 120ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 8 consecutive ms.

· NOTE 8: For 15kHz, 3 tones, and QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 74th, 98th, 114th, 131th and 154th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 11th and 34th subframe (starting from the 0th subframe) every 40ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 4 consecutive ms.

· NOTE 9: For 15kHz, 6 tones, and QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 66th, 98th, 114th, 131th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 18th, 34th, 51th and 66th subframe (starting from the 0th subframe) every 80ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 2 consecutive ms.

· NOTE 10: For 15kHz, 12 tones, and QPSK modulation. NPDCCH transmissions are scheduled at the 18th, 34th, 51th, 66th, 98th, 114th, 131th and 146th subframe (starting from the 0th subframe) every 160ms for periods containing SI messages transmission and at the 2nd, 18th, 34th, 51th and 66th subframe (starting from the 0th subframe) every 80ms for periods where there is not transmission of SI messages. The corresponding NPUSCH format 1 are scheduled 9 subframes after each NPDCCH transmission. NPUSCH format 1 transmission has a duration of 1 ms.
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