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1 Introduction

   In this contribution, we provide our views on the remaining issues of physical layer SR.
2 Physical layer SR with HARQ-ACK
In Rel-14, 2 UL HARQ processes are introduced. When UL data arrives and 2 HARQ processes are configured, to increase the reliability of the SR in this case, and avoid eNB needing to apply two different detection methods to NPUSCH format 2, SR should be transmitted on both NPUSCH format 2’s. Note that in MAC, the SR is only canceled once the UE has received an UL grant and transmitted the BSR and thus the SR will continue to be sent (subject to the relevant timers) until that time. Current RAN1 specifications in 36.211 section 10.1.3.2 and 36.213 section 16.4.2 may be interpreted as not differentiating between the HARQ processes whilst SR is pending, and thus resulting in transmission of SR with both ACK/NACKs, however this is worth specifically clarifying.
Proposal 1: When 2 HARQ processes are configured, SR on/off is transmitted on both NPUSCH format 2’s.
Proposal 2: Adopt the TP for clarification in Annex A in TS 36.213.
3 Physical layer SR without HARQ-ACK
3.1 Timing Advance
For physical layer SR without HARQ-ACK, the signal is based on NPRACH preamble. But the SR procedure is not a RACH procedure and requires separate specification. In the RACH procedure, the start of the random access preamble is aligned with the start of the corresponding uplink subframe at the UE assuming NTA = 0. UE sends preamble first, then eNB estimates the timing advance. For SR without HARQ-ACK, based on the agreement made in RAN1#88bis, it is only used when the UE has uplink sync in RRC connected mode. So before SR is sent, UE already has TA, and the timing should follow NPUSCH.
Agreements:
· SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode. 

· TA estimation should not be a design target of SR signal.
Proposal 3: For SR without HARQ-ACK, the same timing advance as NPUSCH is used.

Proposal 4: Adopt the TP in Annex B for TS 36.213.
3.2 Power control
In section 16.5.3 of TS 36.213, the transmission power of SR without HARQ-ACK is PNPRACH.

	Extracted from section 16.5.3 of TS 36.213
16.5.3
UE procedure for transmitting SR 

If the UE is configured with higher layer parameter sr-without-HARQ-ACK-Config, the UE is configured with Narrowband Random access channel parameters (NPRACH configuration) for SR transmission by higher layers. 

The UE shall, if requested by higher layers for transmitting SR, start transmission of a narrowband random access preamble on the configured NB-IoT carrier at the next available NPRACH resource. The narrowband preamble is transmitted on the allocated subcarrier and a number of NPRACH repetitions for the associated NPRACH repetition level as indicated by higher layers. The narrowband preamble is transmitted with transmission power PNPRACH , as determined in subclause 16.3.2, commencing on the indicated NPRACH resource.


The determination of PNPRACH is described in section 16.3.1 of TS 36.213.

	Extracted from section 16.3.1 of TS 36.213
If enhanced random access power control is not applied, for the lowest configured repetition level; and if enhanced random access power control is applied then for all configured repetition levels, a narrowband preamble transmission power PNPRACH is determined as 
PNPRACH = min{
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 is the downlink path loss estimate calculated in the UE for serving cell 
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. If enhanced random access power control is not applied, for a repetition level other than the lowest configured repetition level, PNPRACH is set to 
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It is unclear whether SR follows the power ramping procedure as NPRACH. The SR procedure is different from RACH procedure. SR is used in connected mode. The NPUSCH-like open loop power control based on path loss is preferred to be used for SR without HARQ-ACK since RACH-like power ramping would be wasteful of UE energy. Two parameters 
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 can be indicated by UE-specific RRC signaling. 
It is agreed that SR signal is based on NPRACH format 0/1/2. For NPRACH format 0/1, the subcarrier spacing is 3.75 kHz. For NPRACH format 2, the subcarrier spacing is 1.25 kHz. The bandwidth power adjustment should be also considered, i.e. 
[image: image13.wmf]SR,c

()

Mi

[image: image15.wmf]SR,c

()

Mi

.  is {1/3} for NPRACH format 2, and 
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 is {1} for NPRACH format 0/1. 
In summary, the transmission power 
[image: image17.wmf]SR,

()

c

Pi

for SR without HARQ-ACK transmission in NB-IoT slot i for the serving cell c is given by:
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Where,

· 
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is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell 
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is {1/3} for NPRACH format 2 and {1}for NPRACH format 0/1.
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is signaled from higher layers for serving cell c by UE-specific RRC signaling.
· 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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Proposal 5: For transmission of SR without HARQ-ACK, open loop power control without power ramping is used.
Proposal 6: For transmission of SR without HARQ-ACK, the parameters 
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 are indicated by UE-specific RRC signaling.
Proposal 7: Adopt the TP in Annex C for TS 36.213.
3.3 Collision handling
Since physical layer SR is used in RRC connected mode, it may collide with NPDCCH search space, NPDSCH, NPUSCH format 1 and NPUSCH format 2. Here, we assume the UE has a pending SR and the general case when both SR with and without HARQ-ACK may be configured.
· The general rule is the UE transmits the physical layer SR at the first opportunity that is provided to it, unless there is a collision with another physical layer transmission/reception.

· This opportunity may be SR with or without HARQ-ACK depending on configuration, etc.

· Resources for SR without HARQ-ACK collide with NPDSCH allocation

· UE follows NPDSCH procedures

· Resources for SR without HARQ-ACK collide with NPDCCH search space 
·  the prioritization between the two is up to UE implementation.
· Resources for SR without HARQ-ACK colliding with NPUSCH format 1 allocation or NPUSCH format 2 allocation.
· In section 5.4.4 of TS 36.321, before SR transmission, MAC will check if no UL-SCH resources are available for a transmission in this TTI. So it implies that NPUSCH format 1 has higher priority than SR without HARQ-ACK. 
· And in the following step, MAC will first check if the MAC entity has valid resource for SR together with acknowledgement of the data in this TTI, which therefore has high priority than SR without HARQ-ACK.

	Extracted from section 5.4.4 of TS 36.321
As long as one SR is pending, the MAC entity shall for each TTI:

-
if no UL-SCH resources are available for a transmission in this TTI:
…

-
For NB-IoT:

-
if the MAC entity has no valid dedicated resource for SR or configured grant for BSR in any TTI:

-
initiate a Random Access Procedure (see subclause 5.1) and cancel all pending SRs.

-
else:

-
if the MAC entity has valid resource for SR together with acknowledgement of the data in this TTI:
-
instruct the physical layer to signal the SR together with acknowledgement of the data.

-
else:

-
if the MAC entity has valid PRACH resource for SR configured in this TTI and sr-ProhibitTimer is not running:

-
instruct the physical layer to signal the SR on one valid PRACH resource for SR.

-
start the sr-ProhibitTimer in the subframe containing the last repetition of the corresponding SR transmission.


Proposal 8: When SR is pending:

· UE transmits the physical layer SR according to MAC procedures unless there is a collision with another physical layer transmission/reception:

· For collision between resources for SR without HARQ-ACK and NPDSCH allocation, UE receives the NPDSCH and SR remains pending.
· For collision between resources for SR without HARQ-ACK and NPDCCH search space, the prioritization between the two is up to UE implementation.
Proposal 9: Adopt the TP in Annex D for TS 36.213.
4 Conclusions
In this contribution, our views on the remaining issues of physical layer SR are provided. The following proposals are made.

Proposal 1: When 2 HARQ processes are configured, SR on/off is transmitted on both NPUSCH format 2’s.
Proposal 2: Adopt the TP for clarification in Annex A in TS 36.213.

Proposal 3: For SR without HARQ-ACK, the same timing advance as NPUSCH is used.

Proposal 4: Adopt the TP in Annex B for TS 36.213.

Proposal 5: For transmission of SR without HARQ-ACK, open loop power control without power ramping is used.

Proposal 6: For transmission of SR without HARQ-ACK, the parameters 
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 are indicated by UE-specific RRC signaling.
Proposal 7: Adopt the TP in Annex C for TS 36.213.

Proposal 8: When SR is pending:

· UE transmits the physical layer SR according to MAC procedures unless there is a collision with another physical layer transmission/reception:

· For collision between resources for SR without HARQ-ACK and NPDSCH allocation, UE receives the NPDSCH and SR remains pending.

· For collision between resources for SR without HARQ-ACK and NPDCCH search space, the prioritization between the two is up to UE implementation.
Proposal 9: Adopt the TP in Annex D for TS 36.213.
Annex A. TP for SR with HARQ-ACK
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.4.2
UE procedure for reporting ACK/NACK

The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of 
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 NB-IoT UL subframes following the end of n+12 subframe for TDD,

transmission of the NPUSCH carrying ACK/NACK response, and SR (if any) on each configured UL HARQ process if the serving cell is FDD and the UE is configured with higher layer parameter sr-with-HARQ-ACK-Config, using NPUSCH format 2 in N consecutive NB-IoT UL slots, where

-------------------------------------------- Unchanged parts omitted -----------------------------------------

----------------------------------------------- End of Text Proposal ------------------------------------------
Annex B. TP on timing advance for SR without HARQ-ACK
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.1.2
Timing synchronization

Upon reception of a timing advance command, the UE shall adjust uplink transmission timing for NPUSCH, and SR if configured with higher layer parameter sr-without-HARQ-ACK-Config, based on the received timing advance command.
The timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiples of 16
[image: image32.wmf]s

T

. The start timing of the random access preamble is specified in [3].

In case of random access response, an 11-bit timing advance command [8], TA, indicates NTA values by index values of TA = 0, 1, 2, ..., 1282, where an amount of the time alignment is given by NTA = TA (16. NTA is defined in [3].
In other cases, a 6-bit timing advance command [8], TA, indicates adjustment of the current NTA value, NTA,old, to the new NTA value, NTA,new, by index values of TA = 0, 1, 2,..., 63, where NTA,new = NTA,old + (TA (31)(16. Here, adjustment of NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given amount respectively.
For a timing advance command reception ending in DL subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+12 DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission. When the UE's uplink NPUSCH transmissions in NB-IoT uplink slot n and NB-IoT uplink slot n+1 are overlapped due to the timing adjustment, the UE shall complete transmission of NB-IoT uplink slot n and not transmit the overlapped part of NB-IoT uplink slot n+1.
If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as specified in [10], the UE changes NTA accordingly.
-------------------------------------------- Unchanged parts omitted -----------------------------------------

----------------------------------------------- End of Text Proposal ------------------------------------------
Annex C. TP on power control for SR without HARQ-ACK
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.2.1
Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

16.2.1.1
Narrowband physical uplink shared channel
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.2.1.2
SR
16.2.1.1.2
UE behaviour

If the UE is configured with higher layer parameter sr-without-HARQ-ACK-Config, the setting of the UE transmit power for SR transmission without HARQ-ACK is defined as follows. 

The UE transmit power 
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 for SR transmission in NB-IoT UL slot i for the serving cell 
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Where,

· 
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is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell 
[image: image37.wmf]c

.
· 
[image: image38.wmf]SR,c

()

Mi

is {1/3} for NPRACH format 2 and {1}for NPRACH format 0/1.
· 
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is signaled from higher layers for serving cell 
[image: image40.wmf]c

.

· 
[image: image41.wmf]c

a

 is signaled from higher layers for serving cell 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 in dB.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.5.3
UE procedure for transmitting SR 

If the UE is configured with higher layer parameter sr-without-HARQ-ACK-Config, the UE is configured with Narrowband Random access channel parameters (NPRACH configuration) for SR transmission by higher layers. 

The UE shall, if requested by higher layers for transmitting SR, start transmission of a narrowband random access preamble on the NB-IoT carrier configured in sr-NPRACH-Resource at the next available NPRACH resource. The narrowband preamble is transmitted on the allocated subcarrier and a number of NPRACH repetitions for the associated NPRACH repetition level as indicated by higher layers. The narrowband random access preamble is transmitted with transmission power  ) , as determined in subclause 16.2.1.2, commencing on the indicated NPRACH resource. 
-------------------------------------------- Unchanged parts omitted -----------------------------------------

----------------------------------------------- End of Text Proposal ------------------------------------------
Annex D. TP on collision handling for SR without HARQ-ACK
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.5.3
UE procedure for transmitting SR 

If the UE is configured with higher layer parameter sr-without-HARQ-ACK-Config, the UE is configured with Narrowband Random access channel parameters (NPRACH configuration) for SR transmission by higher layers. 

The UE shall, if requested by higher layers for transmitting SR, start transmission of a narrowband random access preamble on the configured NB-IoT carrier at the next available NPRACH resource, unless the transmission would overlap with any subframe(s) of NPDSCH reception. The narrowband preamble is transmitted on the allocated subcarrier and a number of NPRACH repetitions for the associated NPRACH repetition level as indicated by higher layers. The narrowband preamble is transmitted with transmission power PNPRACH , as determined in subclause 16.3.2, commencing on the indicated NPRACH resource.
-------------------------------------------- Unchanged parts omitted -----------------------------------------

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