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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 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 DL scheduling pattern:
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Figure 1. NPDCCH scheduling based on SI transmission

Figure 1 has been translated into the following NOTE added in DL RMC for receiver requirements without repetition:

Note 6:
For UE with the 15kHz uplink carrier spacing, NPDSCH is scheduled from the 7th, 31st, and 63rd subframes every 80ms (starting from the 0th subframe). Information bit payload is available if the download subframe is scheduled. The corresponding NPDCCH are scheduled at the 2nd, 26th, and 58th subframe every 80ms. The corresponding ACK/NACK reporting on NPUSCH format 2 are scheduled from the 20th to 21st, from the 44th to 45th, and from the 76th to 77th subframes every 80ms
The pattern defined in Figure 1 is valid for periods of 80ms 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:
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 is defined by a set of NPDCCH candidates where each candidate is repeated in a set of 
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consecutive NB-IoT downlink subframes excluding subframes used for transmission of SI messages starting with subframe 
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.

RAN4 has added the following NOTE in DL RMC for receiver requirements without repetition to avoid NPDCCH transmission in subframes sued for transmission of SI messages:

Note 5:
NPDCCH and information bit payload are not transmitted in the subframes used for transmission of SI messages
This Note affects to UL/DL scheduling defined in Note 6. 

This document analyse how transmission of SI messages impacts on UL/DL scheduling pattern.
2. Discussion

Based on NPDCCH configuration for NPDSCH defined by RAN4:

· NPDCCH-NumRepetitions (
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· NPDCCH-startSF-USS (G) = 8
· NPDCCH-Offset-USS (
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And the location of subframes for NPDCCH candidates define by TS 36.213 section 16.6 as follows:

The locations of starting subframe 
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 is a subframe satisfying the condition 
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-
for NPDCCH UE-specific search space, 

-
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is given by the higher layer parameter npdcch-StartSF-USS, 

-
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NPDCCH search space can occur in k0 subframes starting in subframe 2 SFN0 and repeating each 8 subframes. 

On the other hand and based on NB-IoT scheduling 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.
Figure 2 shows a NPDCCH transmission taking into account NPSS/NSSS/NPBCH/NB-SIB1 transmission, SI transmission and NPDCCH search spaces.
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Figure 2. NPDCCH scheduling based on SI transmission

Where:
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Hence, and taking into account current system information configuration, NPDCCH configuration and DCI configuration the difference of the first NPDCCH transmission in patterns described in Figure 1 and Figure 2 is a delay of 2 NPDCCH search spaces (16 DL subframes). 
Based on TS 36.508 configuration for SI combination 1, we have a periodicity of 640ms for SIB2-NB with one repetition of SIB2-NB at 80th subframe. SIB2-NB is transmitted using 8 NB-IoT DL subframe at the beginning of SI period and its corresponding repletion. Hence, the pattern should have the same periodicity than SIB2-NB in order to repeat the same pattern along the test. In the attached spreadsheet there is a complete example for one period of SI messages with their corresponding NPDCCH, NPDSCH and NPUSCH transmissions. The following picture summarize the transmission of SI messages in a SI period:


Figure 3. NPDCCH scheduling based on SI transmission

All NPDCCH, NPDSCH 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. There is a special case where a NPDCCH search space occurs in a non NB-IoT DL subframe (NPBCH in that case) but the NPDCCH is transmitted in the next NB-IoT downlink subframe based on TS 36.211 section 10.2.5.5:

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 following figure 4 shows this special case where a NPDCH search space occurs in a non NB-IoT DL subframe and the NPDCCH transmission is postpone until the next NB-IoT downlink subframe:
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Figure 4. NPDCCH transmission postpone until next NB-IoT DL subframe
As this document reflects, the definition of a determinist UL/DL scheduler is quite complex and depends on a lot of parameters about:

· NPDCCH configuration
· DCI configuration
· Broadcast configuration

· HD-FDD type B

If any of NPDCCH, DCI or broadcast scheduling parameters defined in TS 36.508 and TS 36.521-1 were changed for any reason, then UL/DL pattern would need to be updated accordingly. This is a big task for maintenance purpose. 
Furthermore, the same exercise will be need for DL RMC for receiver requirements with repetition.
Taking into account the whole analysis and the premise to reduce testing time allowing NPDCCH transmission in every valid NPDCCH search space, the way forward can be considered in any of the following options:

Option 1: Based on the whole configuration defined for NPDCCH, DCI and broadcast scheduling, and taking into account SS should implement RAN1/RAN2 core specifications in order to interop properly with NB-IoT devices, deterministic UL/DL pattern is not needed for DL RMC for receiver requirements. Hence, UL/DL scheduling pattern defined in DL RMC for receiver requirements can be skipped. 

Option 2: Update UL/DL scheduling pattern defined by RAN4 to take into account transmission of SI messages with a period of 640ms and transmitting NPDCCH in all valid NPDCCH search spaces. The proposal is to update Note 6 with the pattern described in attached spreadsheet as follows:


Note 6: For UE with the 15kHz uplink carrier spacing, NPDSCH transmission and their corresponding NPDCCH and ACK/NACK reporting occur following Table A.3.2-1x every 640ms taking into account System Information scheduling (starting from the 0th subframe).  
Table A.3.2-1x Scheduling pattern for Receiver Requirements (HD-FDD) without repetition – for CAT-NB1

	Subframe th from the 0th subframe
	NPDCCH
	NPDSCH
	NPUSCH

	
	18, 42, 66, 98, 122, 146, 171, 194, 218, 242, 266, 291, 314, 338, 362, 386, 411, 434, 458, 482, 506, 531, 554, 578, 602, 626
	+5 from corresponding NPDCCH
	+13 and +14 from corresponding NPDSCH. NPUSCH transmission occupies 2 subframes


Option 2 is not contradicting the pattern defined by RAN4, it just adds SIB2-NB transmission to RAN4’s proposal. 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 decides which way forward should be selected to solve the issue described in this paper among the following proposals:
Option 1: Based on the whole configuration defined for NPDCCH, DCI and broadcast scheduling, and taking into account SS should implement RAN1/RAN2 core specifications in order to interop properly with NB-IoT devices, deterministic UL/DL pattern is not needed for DL RMC for receiver requirements. Hence, UL/DL scheduling pattern defined in DL RMC for receiver requirements can be skipped.  

Option 2: Update UL/DL scheduling pattern defined by RAN4 to take into account transmission of SI messages with a period of 640ms and transmitting NPDCCH in all valid NPDCCH search spaces. The proposal is update Note 6 with the pattern described in attached spreadsheet as follows:


Note 6: For UE with the 15kHz uplink carrier spacing, NPDSCH transmission and their corresponding NPDCCH and ACK/NACK reporting occur following Table A.3.2-1x every 640ms taking into account System Information scheduling (starting from the 0th subframe).  
Table A.3.2-1x Scheduling pattern for Receiver Requirements (HD-FDD) without repetition – for CAT-NB1

	Subframe th from the 0th subframe
	NPDCCH
	NPDSCH
	NPUSCH

	
	18, 42, 66, 98, 122, 146, 171, 194, 218, 242, 266, 291, 314, 338, 362, 386, 411, 434, 458, 482, 506, 531, 554, 578, 602, 626
	+5 from corresponding NPDCCH
	+13 and +14 from corresponding NPDSCH. NPUSCH transmission occupies 2 subframes


Based on the complexity to define a deterministic UL/DL scheduling pattern for NB-IoT DL Reference Measurement Channel due to dependencies with NPDCCH configuration, DCI configuration and broadcast configuration and taking into account that any change in any parameter of NPDCCH, DCI or broadcast scheduling will modify any deterministic pattern, the recommended proposal is Option 1.
4. References

[1] R5-169161 LS on RMC configurations for NB-IoT RF tests
80ms with SIB2-NB





80ms with SIB2-NB





Si-windowsLenght 160ms








Si-periodicity 640ms











_1511023370.unknown

_1521632248.unknown

_1545066054.unknown

_1545066069.unknown

_1524044641.unknown

_1545057254.unknown

_1526218726.unknown

_1521632303.unknown

_1521623359.unknown

_1521623398.unknown

_1521623348.unknown

_1517745282.unknown

_1510555332.unknown

_1511022406.unknown

_1511023342.unknown

_1510555400.unknown

_1511021750.unknown

_1510422734.unknown

_1509905132.unknown

