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In RAN1 #93 meeting, the following agreement was made for UL SPS for BSR [1]:

Agreement
· UL SPS for BSR with skipUplink is introduced for RRC connected mode
· Periodicity of UL SPS resource, SPS C-RNTI are configured via RRC signaling 
· SPS activation/deactivation is indicated by DCI scrambled by SPS C-RNTI on UE seach space
· The TBS is 16 bits. 
· Define separate UE capability signaling for UL SPS for BSR as optional

Agreement
The fields and their sizes in the DCI scrambled by SPS C-RNTI for UL BSR activation/release are the same as DCI format N0

Agreement
DCI for Semi-Persistent Scheduling Activation NPDCCH Validation
	
	DCI format N0

	Redundancy version
	set to '0'

	HARQ process number (if 2 HARQ processes are configured)
	set to '0'

	Modulation and coding scheme 
	set to ‘0000'

	Resource assignment 
	Set to ‘000’

	Flag for format N0/format N1 differentiation 
	Set to ‘0’



Semi-Persistent Scheduling Release NPDCCH Validation
	
	DCI format N0

	Redundancy version
	set to '0'

	Repetition number
	set to '000'

	Subcarrier indication
	Set to all '1's

	Modulation and coding scheme 
	Set to ‘1111’

	HARQ process number (if 2 HARQ processes are configured)
	set to '0'

	Flag for format N0/format N1 differentiation 
	Set to ‘0’



This paper sets out the necessary corrections and clarifications for the RAN1 specification of NB-IoT SPS.
Collision issue for UL SPS
When the SPS NPUSCH transmission carrying BSR collides partially or fully with a dynamically scheduled NPDSCH transmission in the time domain, there are two options to deal with this collision. One solution is to drop the SPS BSR transmission, i.e. dynamically scheduled NPDSCH has higher priority. In this way, the UE can send SR with HARQ-ACK by NPUSCH format 2, if configured. And this is also the same with the collision issue between dedicated SR resources and NPDSCH. Another solution is to drop the NPDSCH and prioritize SPS BSR. This would have some impact on the latency of downlink transmissions. In general, the rule for collision handling between SPS and dynamic scheduling has been to prioritize what the eNB decides to send dynamically since the scheduler has all the information necessary to know whether it is appropriate to schedule dynamic DL.

Proposal 1: For collisions between UL SPS transmission for BSR and NPDSCH, BSR is not transmitted, and remains pending. 

Proposal 2: Adopt the TP in Annex A.

When SPS BSR collides partially or fully with a NPDCCH search space, whether to prioritise the search space monitoring and drop the NPUSCH transmission or prioritise the NPUSCH transmission and drop the search space can be up to UE implementation. The eNB is free to attempt or not attempt to use the search space in case it thinks the UE may be reachable. This is the same as in eMTC, where no UE behavior has been specified, as was once again clarified in RAN1#93:

R1-1806991	Discussion of SR collision with MPDCCH for CE Mode B	Nokia, Nokia Shanghai Bell
Note: For a BL/CE UE in half-duplex FDD operation, in case an MPDCCH candidate partially or fully overlaps with an uplink SR transmission, the prioritization between the two is up to UE implementation

Proposal 3: If a NPUSCH transmission carrying BSR without a corresponding NPDCCH overlaps partially or fully with a NPDCCH search space, the prioritization between them is up to UE implementation, without specification.

Activation and de-activation DCI
In activation DCI, the scheduling delay is not set to a specific value i.e. it can be set to one of values from {8, 16, 32, 64} since the activation DCI schedules a NPUSCH transmission. However, once the SPS is activated, whether this scheduling delay can be used to calculating the following SPS NPUSCH locations is not clear based on the current specification. There can be two options here based on the SPS calculation equation in 36.321, i.e. (10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalUL + Subframe_Offset * (N modulo 2)] modulo 10240. For NB-IoT, the Subframe_Offset is 0. And SFNstart time and subframestart time refer to SFN and subframe of the first transmission of NPUSCH where configured uplink grant was (re-)initialized.
· Option 1: the scheduling delay is not used when calculating the nth SPS NPUSCH locations based on the higher layer parameter semiPersistSchedIntervalUL (denoted as T in figure 1(a)) after SPS is activated shown in figure 1(a).
· Option 2: the scheduling delay is used when calculating the nth SPS NPUSCH locations based on the higher layer parameter semiPersistSchedIntervalUL (denoted as T in figure 1(b)) after SPS is activated shown in figure 1(b).


 
Fig. 1 SPS NPUSCH locations (T is semiPersistSchedIntervalUL)
The interpretation in MAC for eMTC is that the SPS period is measured from the start of the PUSCH transmission, and this automatically account for LTE’s fixed ‘scheduling’ delay of 4 subframes. This is dealt with by the definition:
Where SFNstart time, subframestart time and sTTIStartTimeUl are the SFN, subframe and sTTI_number, respectively, at the time the configured uplink grant were (re-)initialised
Here, the “re-initialised” refers to the start of PUSCH to avoid ambiguity if it were referenced to an MPDCCH timing. The same understanding works in NB-IoT also. 
In option 2, the distance from 1st SPS NPUSCH to 2nd SPS NPUSCH is the semiPersistSchedIntervalUL plus scheduling delay. But the distance from 2nd SPS NPUSCH to 3rd SPS NPUSCH is only semiPersistSchedIntervalUL. It means that the distance between SPS NPUSCHs is not the same. 
Proposal 4: The time between SPS NPUSCHs is always equal to semiPersistSchedIntervalUL i.e. not related to the scheduling delay.
In deactivation DCI, the Subcarrier indication field and Modulation and coding scheme field are set to a specific value since deactivation DCI does not schedule a NPUSCH transmission. In this case, the scheduling delay field and resource allocation fields can also be set to a specific value to help UE reliability for detection. It does not make a future restriction because even SPS extensions in future would need a (non-scheduling) de-activation DCI which can be the same as this one. In order to differential with activation DCI, it is preferred to set to all ‘1’.
Proposal 5: The scheduling delay field and resource allocation fields in deactivation DCI are set to all ‘1’.
Proposal 6: Adopt the TP in Annex B.

Conclusion
We have analyzed the specifications of NB-IoT SPS and proposed the following corrections and agreements to clarify them.

Proposal 1: For collisions between UL SPS transmission for BSR and NPDSCH, BSR is not transmitted, and remains pending. 

Proposal 2: Adopt the TP in Annex A.

Proposal 3: If a NPUSCH transmission carrying BSR without a corresponding NPDCCH overlaps partially or fully with a NPDCCH search space, the prioritization between them is up to UE implementation, without specification.

Proposal 4: The time between SPS NPUSCHs is always equal to semiPersistSchedIntervalUL i.e. not related to the scheduling delay.
Proposal 5: The scheduling delay field and resource allocation fields in deactivation DCI are set to all ‘1’.
Proposal 6: Adopt the TP in Annex B.
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Annex A
---------------------------------------------Start of Text Proposal----------------------------------------
16.5.1	UE procedure for transmitting format 1 narrowband physical uplink shared channel
A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N0 ending in NB-IoT DL subframe n intended for the UE, perform, at the end of 
-	n+k0 DL subframe for FDD, 
-	k0 NB-IoT UL subframes following the end of n+8 subframe for TDD,
a corresponding NPUSCH transmission using NPUSCH format 1 in N consecutive NB-IoT UL slots ni with i = 0, 1, …, N-1 according to the NPDCCH information where
-	subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and




-	, where the value of is determined by the repetition number field in the corresponding DCI (see Subclause 16.5.1.1), the value of is determined by the resource assignment field in the corresponding DCI (see Subclause 16.5.1.1), and the value of  is the number of NB-IoT UL slots of the resource unit (defined in clause 10.1.2.3 of [3]) corresponding to the allocated number of subcarriers (as determined in Subclause 16.5.1.1) in the corresponding DCI, 
-	n0 is the first NB-IoT UL slot starting after the end of subframe n+k0

-	value of k0 is determined by the scheduling delay field () in the corresponding DCI according to Table 16.5.1-1 for FDD and Table 16.5.1-1A for TDD. 

Table 16.5.1-1: for DCI format N0 for FDD.
	

	


	0
	8

	1
	16

	2
	32

	3
	64




Table 16.5.1-1A: for DCI format N0 for TDD.
	

	


	0
	0

	1
	8

	2
	16

	3
	32



If a NPUSCH transmission without a corresponding NPDCCH collides partially or fully with a NPDSCH transmission, the NPUSCH transmission is dropped.
< Unchanged parts are omitted >
-------------------------------------------- End of Text Proposal ----------------------------------

Annex B
---------------------------------------------Start of Text Proposal----------------------------------------
[bookmark: _Toc415085513]16.6.3	NPDCCH validation for semi-persistent scheduling
A UE shall validate a Semi-Persistent Scheduling assignment NPDCCH only if all the following conditions are met: 
-	the CRC parity bits obtained for the NPDCCH payload are scrambled with the Semi-Persistent Scheduling C-RNTI
-	the new data indicator field is set to '0'. 
Validation is achieved if all the fields for the used DCI format N0 are set according to Table 16.6.3-1 or Table 16.6.3-2.
If validation is achieved, the UE shall consider the received DCI information accordingly as a valid semi-persistent activation or release. 
If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a non-matching CRC.

Table 16.6.3-1: Special fields for Semi-Persistent Scheduling Activation NPDCCH Validation
	
	DCI format N0

	HARQ process number (present if UE is configured with 2 uplink HARQ processes)
	set to '0'

	Redundancy version
	set to '0'

	Modulation and coding scheme
	set to '0000'

	Resource assignment
	set to '000'



Table 16.6.3-2: Special fields for Semi-Persistent Scheduling Release NPDCCH Validation
	
	DCI format N0

	HARQ process number (present if UE is configured with 2 uplink HARQ processes)
	set to '0'

	Redundancy version
	set to '0'

	Repetition number
	set to '000'

	Modulation and coding scheme
	set to '1111'

	[bookmark: _GoBack]Subcarrier indication
	Set to all '1's

	Scheduling delay field
	Set to all '1's

	Resource allocation field
	Set to all '1's



-------------------------------------------- End of Text Proposal ----------------------------------
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