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1 Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT and eMTC were approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83, RAN#84, RAN#85 and RAN#86 [1], [2]. One of the objectives in these two WIDs is to improve UE power consumption by specifying support for uplink transmission in pre-configured resources:

Improved UL transmission efficiency and/or UE power consumption:

· Specify support for transmission in preconfigured resources in idle and/or connected mode based on SC-FDMA waveform for UEs with a valid timing advance [RAN1, RAN2, RAN4]

· Both shared resources and dedicated resources can be discussed

· Note: This is limited to orthogonal (multi) access schemes

In the email discussions for MAC and RRC running CRs, some issues about RRC-MAC-PHY interactions for PUR have been raised and all the issues are still FFS. This document focuses on RRC-MAC-PHY interactions and possible options are discussed.
2 Discussion
In the email discussion for MAC and RRC running CR review, the following RRC-MAC-PHY interaction issues were raised:
1. PUR TA timer (agreed to be maintained in MAC)

a) When does RRC configure it to MAC?

b) What does MAC do when it expires? 

c) When to restart the timer?
d) What happen when TA validation fails?
e) How to handle TA updated by DCI

2. RRC-MAC interactions
a) Which layer does maintain the PUR grant?

b) When does RRC deliver the grant to MAC

c) Which layer does maintain the “m” counter?
d) RRC-MAC interactions for the configuration/increasing/resetting/stop of the counter
3. RRC-PHY interactions:
a) Which layer does maintain the PUR PHY configuration, including search space configuration, NPUSCH repetition number, etc.?

b) When does RRC configure PUR to PHY?

c) What is the trigger for PHY to switch from CSS (paging monitoring) to USS (PUR)

d) How to handle NPUSCH repetition updated by DCI

In above issues lists, the terminology “PUR grant” is used in RRC-MAC interactions, which includes the periodicity, time offset, TBS for PUR. These information will be used in MAC layer. The terminology “PUR PHY configuration” is used in RRC-PHY interactions, which includes PHY configuration for PUR, i.e. UL/DL carrier, repetition number of PUSCH, etc.
2.1 PUR TA timer

Since we have agreed that PUR TA timer is a MAC timer, the PUR TA timer needs to be maintained in MAC. Thus, it should be configured to MAC when PUR configuration is received, i.e. upon reception of RRC release message including PUR configuration.

First, in the current specification, upon leaving RRC connected mode, MAC entity will be reset and all TA timers will be considered as expired:

	TS36.331, section 5.3.12:

5.3.12
UE actions upon leaving RRC_CONNECTED or RRC_INACTIVE

Upon leaving RRC_CONNECTED or RRC_INACTIVE, the UE shall:

1>
reset MAC;
1>
if leaving RRC_INACTIVE was not triggered by the reception of RRCConnectionRelease including idleModeMobilityControlInfo:

TS36.321, section 5.9:

5.9
MAC Reset

If a reset of the MAC entity is requested by upper layers, the MAC entity shall:

-
initialize Bj for each logical channel to zero;

-
stop (if running) all timers;

-
consider all timeAlignmentTimers as expired and perform the corresponding actions in clause 5.2;

-
set the NDIs for all uplink HARQ processes to the value 0;




For PUR TA timer, it cannot be reset in MAC reset procedure. 
Second, RAN1 has agreed that TA adjustment can be carried in the L1 signalling used for terminating transmission using PUR:

In the dedicated PUR ACK DCI, the TA adjustment field is 6 bits as legacy.

· The TA adjustment field exists only when the dedicated PUR ACK DCI indicates successful decoding of PUR transmission

Thus, upon reception of L1 signalling and if TA is included, MAC needs to restart PUR TA timer.

Based on above two points, we think the following needs to be specified for MAC-RRC interaction of PUR TA timer:

· In RRC:

· RRC needs to configure PUR TA timer to MAC when RRC release message is received.

· Upon initiating transmission using PUR, RRC needs to check with MAC whether PUR TA timer is still running.

· In MAC:

· In MAC reset section, PUR TA timer needs to be handled separately, i.e. not be considered as expired.

· The start/restart of PUR TA timer should be specified. PUR TA timer needs to be restarted if L1 signalling including TA is received.
· If PUR TA timer expires, MAC indicates to RRC.

Proposal 1: PUR TA timer is configured to MAC upon reception of RRC release message including PUR configuration.

Proposal 2: RRC checks the running of PUR TA timer (if configured) with MAC upon initiation of transmission using PUR. 

Proposal 3: MAC restarts PUR TA timer if L1 signalling including TA is received.
Proposal 4: If PUR TA timer expires, MAC indicates to RRC.
2.2 RRC-MAC interactions
In our view, how to handle PUR grant between RRC and MAC is more essential and will impact how to handle “m” counter.
From MAC point of view, apart from dynamic grant, for the maintenance of uplink resource, basically there are two types of resource:

· Long term resource, e.g., SPS resource (in section 5.10)

For this type of resource, once configured and activated, the MAC entity maintains it for a relative long time until it is released/deactivated.

· One short resource, e.g. PRACH resource (in section 5.1.1) or ul-ConfigInfo (in section 5.20)

This type of resource is procedure based, i.e. it is provided to MAC in the context of a specific procedure. For example, a PRACH resource is delivered from RRC to MAC when initiating the RA/EDT procedure and ul-ConfigInfo is delivered from RRC to MAC when RACH-less handover is triggered. The resource is only used/maintained during the corresponding procedure. When the procedure is successful or failed, the MAC entity stops maintaining the resource.
Compared with the above two types of resource, PUR resource is a bit special. From the usage point of view, it is similar to SPS resource. However, legacy SPS resource is only maintained by MAC in connected mode. Upon RRC connection release, the MAC entity will be reset and TA timer will be considered as expired. Consequently, all SPS resources will be released. When RRC layer triggers RRC connection setup/resume/reestablishment procedure, the default MAC configuration is used, i.e. no SPS configuration. Specification corresponding to above procedure on the use of SPS resource can be shown as below:
	TS36.331, section 5.3.12:

5.3.12
UE actions upon leaving RRC_CONNECTED or RRC_INACTIVE

Upon leaving RRC_CONNECTED or RRC_INACTIVE, the UE shall:

1>
reset MAC;
1>
if leaving RRC_INACTIVE was not triggered by the reception of RRCConnectionRelease including idleModeMobilityControlInfo:

TS36.321, section 5.9:

5.9
MAC Reset

If a reset of the MAC entity is requested by upper layers, the MAC entity shall:

-
initialize Bj for each logical channel to zero;

-
stop (if running) all timers;

-
consider all timeAlignmentTimers as expired and perform the corresponding actions in clause 5.2;

-
set the NDIs for all uplink HARQ processes to the value 0;

TS36.321, section 5.2:

-
when a timeAlignmentTimer expires:

-
if the timeAlignmentTimer is associated with the pTAG:
-
flush all HARQ buffers for all serving cells;

-
notify RRC to release PUCCH/SPUCCH for all serving cells;

-
notify RRC to release SRS for all serving cells;

-
for NB-IoT, notify RRC to release all dedicated resources for SR;

-
clear any configured downlink assignments and uplink grants;
-
consider all running timeAlignmentTimers as expired;

TS36.331, section 9.2.3
9.2.3
Default semi-persistent scheduling configuration

SPS-Config

>sps-ConfigDL

>sps-ConfigUL
release

release




On the other hand, from the procedure point of view, the handling of PUR resource is similar to RA or EDT resource. As specified in the RRC running CR, transmission using PUR is triggered by RRC layer. 

Thus, according to above analysis, there are two options for the handling of PUR grant:
· Option 1: PUR grant is maintained in MAC layer.

In Option 1, similarly to SPS, PUR resource is delivered to MAC when configured by RRC (upon reception of RRC release message). MAC layer maintains the resource in IDLE mode.

· Option 2: PUR grant is delivered to MAC upon initiation of transmission using PUR.

In Option 2, similarly to PRACH resource for RA or EDT, PUR grant is only delivered to MAC when transmission using PUR is initiated.

In the two options, the MAC-RRC interaction for PUR grant and “m” counter are discussed separately.

2.2.1 Option 1: PUR grant is maintained in MAC
In Option 1, PUR grant is configured in MAC when a RRC release message including PUR configuration is received. Based on the above discussion, we think at least the following changes are needed in the specification for the handling of PUR grant:
· In RRC:

· RRC needs to configure MAC and PHY to use PUR when RRC release message is received.

· Upon leaving RRC connected mode, MAC cannot be reset (at least not fully). PUR configuration needs to be kept. This can also be specified in MAC 

· Before initiating transmission using PUR, RRC needs to check with MAC whether there is PUR grant available

· Upon transmission using PUR, default MAC configuration cannot be used.

· In MAC:

· In MAC reset section, PUR needs to be kept. This can also be specified in RRC as above.
In addition, since it is possible that the UE moves to RRC connected mode with PUR configuration, how to handle PUR grant in RRC connected mode needs to be considered. In RRC connected mode, the UE may have three different uplink resources, i.e. dynamic UL grant, legacy SPS UL grant and PUR grant. Since PUR grant can only be used in RRC IDLE mode, the MAC needs to handle PUR grant separately. For example, in the following condition for BSR transmission, PUR grant needs to be excluded from “UL resources allocated for new transmission”.

	TS36.321, section 5.4.5:

If the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

-
if the MAC entity has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate the BSR MAC control element(s);

-
start or restart periodicBSR-Timer except when all the generated BSRs are Truncated BSRs;

-
start or restart retxBSR-Timer.




For the handling of “m” operation, if PUR is maintained in MAC, the “m” counter should be maintained in MAC also as MAC knows the skipping of PUR occasions. Thus, at least the following changes are needed in the specification:

· In RRC:

· RRC needs to configure “m” mechanism to MAC when RRC release message is received.

· Upon indication from MAC layer that the counter has reached the threshold, release PUR resource.

· In MAC:

· The “m” counter including increasing and resetting need to be specified

· MAC entity needs to distinguish RRC_IDLE and RRC connected mode as the counter only increases in RRC_IDLE mode.
· When the counter reaches the threshold, MAC indicates to RRC layer to release PUR.
2.2.2 Option 2: PUR resource is delivered to MAC upon initiation of transmission using PUR
In Option 2, similarly to RA and EDT resource, PUR resource is configured to MAC upon initiation of transmission using PUR. Based on above discussion, we think at least the following changes are needed in the specification for the handling of PUR resource:

· In RRC:

· RRC maintains the PUR grant in IDLE mode, i.e., RRC handles the periodicity, offset, TBS, etc. Before initiating transmission using PUR, RRC knows there is PUR grant available.

· RRC needs to deliver the PUR grant to MAC when initiating transmission using PUR.

· In MAC:

· Transmission using PUR is handled in MAC separately compared with normal UL transmission (i.e. new procedure or procedure merged with EDT, not specified with SPS or dynamic UL grant).

· MAC needs to get PUR grant at the beginning of transmission using PUR.

For the handling of “m” operation, if PUR grant is delivered to MAC upon initiation of transmission using PUR, the “m” counter needs to be maintained in RRC as RRC knows the skipping of PUR occasions. 
For “m” operation MAC needs to indicate RRC that transmission using PUR has failed for the following case: 
· UE shall increase ‘m’ when (1) PUR occasion is not used while UE is in RRC_IDLE and (2) PUR occasion is used in RRC_IDLE but no response (none of explicit HARQ ACK/NACK, L1 ACK or L2/L3 response) is received.
However, the failure indication from MAC layer to RRC layer is needed not only because of “m” counter. Similar indication exists also in RA/EDT procedure and has already been captured in the MAC running CR.
Thus, at least the following changes are needed in the specification:

· In RRC:

· The “m” counter including increasing and resetting need to be specified.

· Upon indication from lower layer that no response is received for the transmission using PUR, increase the counter.

· When the counter reaches the threshold, release PUR resource.

· In MAC:

· For transmission using PUR, if no response is received, i.e. the PDCCH monitoring timer expires, indicate to RRC layer (not only for “m” counter).
2.2.3 Summary of options
	
	Option 1

PUR grant is configured to MAC when RRC release message is received
	Option 2

PUR grant is delivered to MAC upon initiation of transmission using PUR

	PUR grant
	RRC
	1. RRC needs to configure PUR grant in MAC when RRC release message is received.

2. Upon leaving RRC connected mode, MAC cannot be reset (at least not fully). PUR needs to be kept. This can also be specified in MAC as below.

3. Upon transmission using PUR, default MAC configuration cannot be used.
	1. RRC maintains the PUR grant in IDLE mode and RRC knows there is PUR grant available before initiating transmission using PUR.

2. RRC needs to deliver PUR grant to MAC when initiating transmission using PUR.

	
	MAC
	1. In MAC reset section, PUR needs to be kept. This can also be specified in RRC as above.
	1. Transmission using PUR is handled in MAC separately compared with normal UL transmission (i.e. new procedure or procedure merged with EDT, not specified with SPS or dynamic UL grant).

2. MAC needs to get PUR configuration at the beginning of transmission using PUR.

	“m” counter
	RRC
	1. RRC needs to configure “m” counter to MAC when RRC release message is received.

2. Upon indication from MAC layer that the counter has reached the threshold, release PUR resource.
	1. The “m” counter including increasing and resetting need to be specified.

2. Upon indication from lower layer that no response is received for the transmission using PUR, increase the counter.

3. When the counter reaches the threshold, release PUR resource.

	
	MAC
	1. The “m” counter including increasing and resetting need to be specified

2. MAC entity needs to distinguish RRC_IDLE and RRC connected mode as the counter only increases in RRC_IDLE mode.

3. When the counter reaches the threshold, MAC indicates to RRC layer to release PUR.
	1. For transmission using PUR, if no response is received, i.e. the PDCCH monitoring timer expires, indicate to RRC layer. (This change is not only for “m” counter)


Based on above, we think Option 2 is clearer and requires relatively small changes on the principle of current RRC-MAC functionality split. On the other hand, in Option 1, MAC is required to distinguish between RRC states, which is strange and very difficult to specify.
Proposal 5: PUR grant is maintained in RRC and delivered to MAC upon initiation of transmission using PUR.

Proposal 6: “m” counter is maintained in RRC.

2.3 RRC-PHY interactions

For the RRC-PHY interactions for handling PUR PHY configuration, we think the analysis is similar as the handling of PUR grant between RRC and MAC. Thus, we think similar principle should be followed as in Proposal 5, i.e. it is proposed to configure PUR to PHY upon initiation of transmission using PUR.
Proposal 7: RRC configures PHY with PUR upon initiation of transmission using PUR.

One thing needs to be discussed in RRC-PHY interaction is the following RAN1 agreement:

The dedicated PUR ACK DCI at least includes the NPUSCH repetition adjustment (absolute value as per legacy table), and the field is 3 bits.
As required by the RAN1 agreement, RRC needs to read the field in L1 signalling and update the PUR configuration. However, we have agreed to use delta configuration for PUR and the repetition number of PUSCH should be an optional parameter. In this case, how to handle the delta configuration needs to be discussed.

Proposal 8: RAN2 to discuss how to handle parameter update triggered by L1 signalling.

3 Conclusion

This paper focused on the remaining issues on RRC-MAC-PHY interactions for PUR. Corresponding proposals are listed as below:
Proposal 1: PUR TA timer is configured to MAC upon reception of RRC release message including PUR configuration.

Proposal 2: RRC checks the running of PUR TA timer (if configured) with MAC upon initiation of transmission using PUR. 

Proposal 3: MAC restarts PUR TA timer if L1 signalling including TA is received.

Proposal 4: If PUR TA timer expires, MAC indicates to RRC.
Proposal 5: PUR grant is maintained in RRC and delivered to MAC upon initiation of transmission using PUR.

Proposal 6: “m” counter is maintained in RRC.

Proposal 7: RRC configures PHY with PUR upon initiation of transmission using PUR.

Proposal 8: RAN2 to discuss how to handle parameter update triggered by L1 signalling.
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