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1. Introduction
In RAN#80 meeting, a new work item (WI) on Rel-16 NB-IoT enhancements was approved [1]. One objective of the WI is to improve UL transmission efficiency and/or UE power consumption for NB-IoT:
· 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 RAN1#98bis meeting, the following agreements were made regarding support for transmission in preconfigured UL resources in NB-IoT deployments [2]:
	R1-1911399	LS on PUR transmission for NB-IoT/eMTC	RAN1

Agreement
The dedicated PUR ACK DCI at least includes the Timing Advance adjustment (including TA adjustment of 0). The TA adjustment field is [6] bits as legacy.

Agreement
For dedicated PUR in idle mode, the indication to fallback to EDT or RACH is included in the same DCI with PUR L1-ACK
· If the UE receives an indication to fallback to EDT or RACH, the PUR transmission is considered not acknowledged
· FFS: Whether this indication is jointly encoded with PUR L1-ACK
· FFS: Whether to use L1-ACK flag

Agreement
After data transmission on PUR, if nothing is received by the UE in a PUR search space window, the UE shall fallback to legacy RACH/EDT procedure.

Conclusion
No consensus on the introduction of a mechanism to obtain a valid TA and allow the UE transmitting on PUR without transitioning to RRC_CONNECTED mode

Agreement on updating working assumption
The following previous working assumption is revised with modification in RED:
For NB-IoT allocation with 12 tones, for PUR with R>= [64 or 128 repetitions or ms]:
· Allow for UE-specific cyclic shift for DMRS:
· For 12 tone allocation, [2 or 4 or 8] cyclic shifts in TS 36.211 Table 5.2.2.1.1-2.
· For NPUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 
· Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals (e.g., symbol-wise phase rotation). 
· FFS: whether any enhancement on top of legacy scrambling is needed
Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.
Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource.
Note 3: It needs to be discussed how to ACK and to provide UL grant to UEs that transmitted simultaneously using CFS-PUR.


In this contribution, we present our views on support of NPUSCH transmissions using pre-configured resources in NB-IoT deployments.

2. Views on Shared PURs
Although it was agreed to support the dedicated PUR for UEs in IDLE mode, the support of CFS PUR is still under working assumption. At the same time, it would be relatively easy to confirm the working assumption on CFS PUR support as the contention resolution step is not needed for this PUR type. Taking into account the main application scenario of CFS PUR, i.e., UL MU-MIMO, it seems sufficient to provide the UE with a unique Demodulation Reference Signal (DMRS) and scrambling ID in the dedicated CFS PUR configuration(s). However, introducing an orthogonal DMRS for enabling UL MIMO operation may be cumbersome for the number of tones less than 12 with no obvious gain. The reduced frequency allocation for DMRS, eventually, will require longer time duration to maintain sufficient orthogonality between different DMRS. This would lead to a new DMRS design for PUR and significantly impacts the specification. This is not preferable taking into account the shortage of time for Rel-16 completion. Therefore, it’s proposed to support CFS PUR with orthogonal DMRS for NB-IoT allocation with 12 tones only.
In addition to UL MU-MIMO, the CDMA or OCC based multiplexing option was considered as a means of improving multiple access. Partially, it was reflected in the definition of NPUSCH resource for shared PURs which is at least a time-frequency resource. CDMA/OCC-based multiplexing schemes have been considered since Rel-13 without its adoption and repeats again now. In previous releases, RAN1 defined the support of transmission with less than 12 tones as an effective UL capacity enhancement over the choice of OCC/CDMA. With similar motivation, this feature can be combined together with the dedicated PUR concept in Rel-16 for UL capacity enhancement.
Proposal 1:
Confirm the working assumption on CFS PUR supported with orthogonal DMRS for UL MIMO in scenarios with NB-IoT allocation of 12 tones.
· Multiple orthogonal DMRS, e.g., by means of UE-specific cyclic shift, are not supported in CFS PUR with a smaller allocation size.
CDMA/OCC-based multiplexing within CFS PUR is not supported in Rel-16.
On the other hand, the support of CBS PUR still needs more study. In light of limited time left for Rel-16 completion, it’s proposed not to support CBS PUR in Rel-16.
Proposal 2:
CBS PUR is not supported in Rel-16.

3. Views on UE Behavior upon L1 ACK Reception
In RAN2 #106 the following agreement was taken regarding L1 ACK signaling [3]:
	RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.


And it was further confirmed in RAN2 #107 by the following agreement [3]:
	RAN2 confirm the intention of the previous agreement as follows:
· If RRC response message is not needed, eNB may send L1 ACK to acknowledge the PUR transmission in UL. The L1 ACK concludes the PUR procedure and UE moves to Idle.


The current UE behavior is illustrated in Figure 1 where the UE upon receiving L1 ACK concludes the PUR procedure in the current occasion and may go to sleep mode to save its battery.


[bookmark: _Ref24046822]Figure 1. Illustration of the current UE behavior upon reception of L1 ACK.
At the same time, it is still under discussion in RAN1 whether the dedicated PUR ACK DCI allows for indicating the UE to continue monitoring PUR SS [4]. One reason for UE to monitor further the PUR SS after L1 ACK is to receive other DCI scheduling downlink data with, e.g., any higher-layer feedback messages. In order to address the issue of UE power consumption during this monitoring, a non-zero gap is considered after L1 ACK as illustrated in Figure 2. Within the gap duration, the UE may take a micro-sleep to reduce its power consumption. After the micro-sleep gap, the UE resumes monitoring the PUR SS for DCI scheduling higher-layer feedback till the end of the associated time window (TW).


[bookmark: _Ref24048358]Figure 2. L1 ACK indicates to continue PUR SS monitoring after non-zero (micro-sleep) gap.
However, this monitoring behavior may still be quite power consuming. Moreover, it eventually would require sending an additional DCI to conclude the PUR procedure and allow the UE to turn into sleep mode for the rest TW duration. And this is what currently the L1 ACK is assumed for by default. Note that, for the design in Figure 2, the reason to not have any micro-sleep until receiving the ACK is not clear, considering that micro-sleep can be considered for the rest of the time window. In any case, the UE still needs to monitor for NPDCCH until end of the time window, and doesn’t benefit from the L1 ACK except for potential flushing of its transmit buffer for the TB transmitted in the PUR occasion.
To keep the procedure reasonably simple and in view of the quoted assumption by RAN2 WG, it is proposed to clarify in RAN1 the UE behavior upon reception of L1 ACK signaling within PUR SS. In particular, that the UE terminates monitoring of the current PUR SS after reception of L1 ACK signaling.
Proposal 3:
The UE terminates monitoring of the current PUR SS after reception of L1 ACK signaling.
[bookmark: _GoBack]Enabling of configured micro-sleep occasions during monitoring PUR SS within the associated TW seems useful to reduce power consumption of the UE, and, therefore, should be supported. However, the occurrence of micro-sleeps should be decoupled from L1 ACK. In particular, micro-sleep occasions are distributed regularly across the TW with the configured periodicity and common offset as shown in Figure 3. The duration of micro-sleep occurrence is also configured. The parameters to control the micro-sleep occurrence are included into overall PUR RRC configuration.


[bookmark: _Ref24050500]Figure 3. Periodic micro-sleep occurrences within PUR TW to reduce UE power consumption.
Proposal 4:
Support configurable periodic micro-sleep occurrences during the PUR SS time window.
Include the micro-sleep duration, periodicity and offset into PUR RRC configuration parameters.

4. DCI for PUR Purposes
For correct operation on PUR, the following L1 signaling has been agreed:
· DCI with DL assignment to schedule downlink data with, e.g., higher-layer feedback or reconfiguration messages;
· L1 ACK to confirm successful PUR transmission;
· UL grant for HARQ retransmission of unsuccessful PUR;
· Indication for UE to fall back to legacy RACH/EDT procedure.
Obviously, there is a task to differentiate between L1 signaling types listed above.
To distinguish DL assignment, one DCI bit to differentiate between formats N0/N1 still can be used.
To distinguish UL grant, the DCI format N0 can be used together with the repurposed NDI bit. For example, a DCI of format N0 with, say NDI=0, corresponds to UL grant. In this case, the interpretation of all remaining DCI bit fields is according to UL grant design, i.e., it does not change. Otherwise, when NDI=1, some of the DCI format N0 bit fields are repurposed for L1 ACK signaling (together with adjustment of some PUR parameters) or for fallback to legacy RACH/EDT indication. For example, RV indication (1 bit) can be repurposed to differentiate between L1 ACK and Fallback indication as illustrated in Table 1. The subcarrier indication bit field (6 bits) can be repurposed for TA adjustment signaling (L1 ACK only).
[bookmark: _Ref24129205]Table 1. DCI format N0 modification used for L1 ACK/Fallback Indication
	UL Grant
	L1 ACK
	Fallback Indication

	NDI=0
	NDI=1

	RV (1 bits)
	L1 ACK/Fallback Indication differentiation (1 bit)

	Subcarrier indication (6 bits)
	TA adjustment (6 bits)
	0


The bit values of other fields of DCI format N0 designed initially for UL grant but not used when L1 ACK/fallback indication to legacy RACH/EDT is carried could be set to zero.
Proposal 5:
The DCI bit to differentiate between formats N0/N1 is used to distinguish the DCI with downlink assignment;
Repurposed NDI bit of DCI format N0 is used to distinguish the DCI with UL grant;
Repurposed bit fields of DCI format N0 with a specific fixed NDI bit value are used to distinguish L1 ACK and fallback to legacy RACH/EDT indication and TA adjustment (L1 ACK only):
· RV bit is repurposed to differentiate between L1 ACK and fallback indication;
· For L1 ACK, the subcarrier indication bit field is repurposed for TA adjustment indication.
Moreover, for L1 ACK it’s proposed to reuse the DCI bit field also used in UL grant for signaling the number of NPUSCH repetitions. The NPUSCH repetition factors controlled by this field can be reused in case of PUR as well.
Proposal 6:
Support adjustment of the number of NPUSCH repetitions by L1 ACK.
In L1 ACK, reuse the bit field used in UL grant for signaling the number of NPUSCH repetitions and the repetition factors controlled by this field.

5. Conclusions
In this contribution, we presented our views on support of NPUSCH transmissions using pre-configured resources in NB-IoT deployments. Based on the discussions, we make the following proposals:

Proposal 1:
Confirm the working assumption on CFS PUR supported with orthogonal DMRS for UL MIMO in scenarios with NB-IoT allocation of 12 tones.
· Multiple orthogonal DMRS, e.g., by means of UE-specific cyclic shift, are not supported in CFS PUR with a smaller allocation size.
CDMA/OCC-based multiplexing within CFS PUR is not supported in Rel-16.

Proposal 2:
CBS PUR is not supported in Rel-16.

Proposal 3:
The UE terminates monitoring of the current PUR SS after reception of L1 ACK signaling.

Proposal 4:
Support configurable periodic micro-sleep occurrences during the PUR SS time window.
Include the micro-sleep duration, periodicity and offset into PUR RRC configuration parameters.

Proposal 5:
The DCI bit to differentiate between formats N0/N1 is used to distinguish the DCI with downlink assignment;
Repurposed NDI bit of DCI format N0 is used to distinguish the DCI with UL grant;
Repurposed bit fields of DCI format N0 with a specific fixed NDI bit value are used to distinguish L1 ACK and fallback to legacy RACH/EDT indication and TA adjustment (L1 ACK only):
· RV bit is repurposed to differentiate between L1 ACK and fallback indication;
· For L1 ACK, the subcarrier indication bit field is repurposed for TA adjustment indication.

Proposal 6:
Support adjustment of the number of NPUSCH repetitions by L1 ACK.
In L1 ACK, reuse the bit field used in UL grant for signaling the number of NPUSCH repetitions and the repetition factors controlled by this field.
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