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1	Introduction
In the Work Item (WI) on “Additional MTC enhancements for NB-IoT” [1], one of the objectives is to specify the following improvement for machine-type communications for BL/CE UEs:
	Improved UL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk518637711][bookmark: _Hlk516687799][bookmark: _Hlk516765211]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 #96bis, two working assumptions were captured in the chairman’s notes [2-3], which were answered by RAN2 in [4].
	RAN1 Working Assumptions
	RAN2 Reply LS

	


Working Assumption#1
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported
· FFS: Which PUR configurations and PUR parameters will be signaled via L1
· FFS: Definition of PUR configurations and PUR parameters
The working assumption will be automatically confirmed if for some cases L2/L3 signaling is not needed. If RAN2 decides that L2/L3 signaling is needed for all cases, the working assumption will be reverted.

	
#1 For the working assumption #1, RAN2 has agreed as follows:
· RRC response message needs to be supported by the UE and could be used in all cases.
· [bookmark: _Hlk12866186]For some cases L1 signalling is sufficient to acknowledge, i.e. RRC response message is not needed. 
· RAN2 assumes the L1 signalling for acknowledgement is sent only after the eNB determines there is no pending downlink data or signalling.
· RAN2 assumes that the configuration for D-PUR provided by RRC signalling is not updated via L1 signalling, and should check with RAN1 what parameters are planned to be (re)configured using DCI.


	
Working Assumption#2
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE
· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived
· FFS if the UE monitors any additional RNTI which may be shared with other UEs.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources
Send an LS to RAN2 to include two above working assumptions (LS is endorsed in eMTC agenda item). Ask whether the first bullet in working assumption #2 is feasible. If it is concluded that working assumption #2 feasible, the working assumption #2 will be automatically confirmed.

	
#2 For the working assumption #2, RAN2 has agreed as follows:
· It is feasible to provide the UE with a UE-specific RNTI for D-PUR. Common or shared RNTI is also feasible.
· The RNTI used for D-PUR is signalled together with other D-PUR configuration.




In addition to the above Working Assumptions replies captured in [4], the following agreements were reached in RAN1 #97 [5]. 
	
Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is [x] subframes after the end PUR transmission
· FFS: Value of x, and if x is fixed or signaled 
· FFS: Support for monitoring of PUR SS Window before PUR transmission
Note: The PUR SS Window is the time period where the UE monitors the NPDCCH for at least a time period after a PUR transmission


	
Agreement
NPDCCH candidates are determined by USS like search space 
· FFS: Other details on the USS like search space 
· Type2-CSS can also be discussed as part of the FFS

Conclusion
CBS PUR is not supported in Rel-16




[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Transmission on Pre-configured UL Resources (PUR) in IDLE mode
The subsections below focus on design aspects of the only scheme that has been agreed so far “In idle mode, dedicated PUR is supported”, whereas the last section of this paper provides our view on the FFS for the support of shared schemes for PUR (including initial simulation results for CFS-PUR in CE Mode B). 
2.1	Dedicated PUR in IDLE mode
The definition of “Dedicate PUR” applicable for this Work Item objective was described as follows:
	 Dedicated preconfigured UL resource is defined as an PUSCH resource used by a single UE 
-	PUSCH resource is time-frequency resource
-	Dedicated PUR is contention-free



In RAN1 #94bis, it was agreed that “In idle mode, dedicated PUR is supported”. 
2.2	Timing Advance
The support of transmissions on pre-configured UL resources in IDLE mode is tied to the condition of being in possession of a valid TA and guaranteeing that it is still valid by the time the transmission on pre-configured UL resources is to be performed.
2.2.1	Shortened TA update range for PUR
In legacy, the TA adjustment can be any value from 0 to 63 as indicated by the 6-bit timing advance command. In this case the timing advance values correspond to adjustments in the distance with respect to the last timing advance command, rather than a total distance between the UE and the cell. For this reason, whenever the eNB identifies that the distance between the UE and eNB significantly changes, the eNB sends the UE an updated TA which indicates a new amount of the time alignment as follows: 
NTA,new = NTA,old + (TA-31)16                                                                                                     	(1)
Here, an adjustment of the NTA value by a positive or a negative amount indicates advancing or delaying the uplink transmission timing by a given amount respectively.
Considering that UEs using PUR are supposed to be stationary or low mobility UEs, it might be possible to shorten the range of values used to update the TA (and hence reducing the number of bits) after a PUR transmission. Beyond saving bits, a shortened TA update can be used as a way of controlling the distances a UE using PUR is allowed to move (i.e., If a large TA adjustment encompassing too many TA steps were needed, that can hint that the UE has travelled a long distance since last TA adjustment, hence it is not a stationary or low mobility UE that is suitable to continue using PUR). Moreover, even if prior its subsequent transmission it has moved only a few TA steps (recall that one TA step is ⁓78 m), the path loss to be compensated might be very large. For example, figure 1 shows how moving only 3TA steps towards the eNodeB might result in a 12 dB path loss change, since close to the eNodeB the “Free Space Path Loss” model applies rather than the empirical models (e.g., Okumura, Hata) which are valid from 1 Km up to ⁓100 Km [6-7].
[bookmark: _Toc16842112]Considering that UEs using PUR are stationary or low mobility UEs, it might be possible to shorten the range of values used to update the TA.
[bookmark: _Toc16842113]Beyond saving bits, a shortened TA update can be used as a way of controlling the distances a UE using PUR is allowed to move as to avoid drastic path loss changes.
[image: ]
Figure 1: UE moving 3TA steps (⁓234 meters) back towards eNodeB resulting in a 12dB path loss change.
In the figure above, all over the plotted range the distance between two points in the x-axis is always one TA step (i.e., 78 m), however depending on the UE’s location the same travelled distance in some cases leads to a large FSPL variation (y-axis).
As mentioned earlier, a shortened TA update range can be used for both saving bits in the DCI and allowing the UE to move at most a few TA steps as to avoid drastic path loss changes. In other words, if the eNodeB determines that a TA adjustment will result in a large path loss change, then the eNodeB will rather indicate a fallback to legacy RACH/EDT since UEs requiring TA updates outside the shortened TA range are not suitable to remain using PUR resources.
For the shortened TA update range using 3bits, we can consider one of the following alternatives described in Table 1.
Table 1: Shortened TA update range using 3bits.
	Shortened TA update range using 3bits

	3 bits Alt1
TA: 28 to 34
	3 bits Alt2
TA: 29 to 33

	· TA prevails (no adjustment): 0 meters.
· Minimum TA adjustment: +/- 78 meters.
· Maximum TA adjustment: +/- 234 meters.
	
· TA prevails (no adjustment): 0 meters.
· Minimum TA adjustment: +/- 78 meters.
· Maximum TA adjustment: +/- 156.25 meters.

	Coding: 
· 000: TA = 28 -> -234 meters
· 001: TA = 29 -> - 156.25 meters
· 010: TA = 30 -> - 78 meters
· 011: TA = 31 ->    0 meters
· 100: TA = 32 ->    78 meters
· 101: TA = 33 ->   156.25 meters
· 110: TA = 34 ->   234 meters
· 111: Reserved
	Coding: 
· 000: TA = 29 -> - 156.25 meters
· 001: TA = 30 -> - 78 meters
· 010: TA = 31 ->    0 meters
· 011: TA = 32 ->    78 meters
· 100: TA = 33 ->   156.25 meters
· 101: Either Reserved or Fallback to EDT
· 110: Either Reserved or Fallback to RACH
· 111: Either Reserved or skip Tx




Both alternatives described in Table 1 allow to keep using the legacy TA adjustment formula previously illustrated through equation 1. In our view, a shortened TA update using Alt2 is preferred since moving a couple of TA steps should be sufficient for devices that are in principle supposed to be stationary as to get most out of PUR. Moreover, since with Alt2 only a couple of TA step updates can be indicated, other combinations leave room for including other indications (e.g., fallback to RACH/EDT, skip UL) with the same 3 bits.
[bookmark: _Toc16842135]Introduce a shortened TA update range (TA: 29 to 33) for PUR using 3 bits.
	Shortened TA update using 3 bits (Alt 2)
TA: 29 to 33

	
· TA prevails (no adjustment): 0 meters.
· Minimum TA adjustment: +/- 78 meters.
· Maximum TA adjustment: +/- 156.25 meters.

	Coding: 
· 000: TA = 29 -> - 156.25 meters
· 001: TA = 30 -> - 78 meters
· 010: TA = 31 ->    0 meters
· 011: TA = 32 ->    78 meters
· 100: TA = 33 ->   156.25 meters
· 101: Either Reserved or Fallback to EDT
· 110: Either Reserved or Fallback to RACH
· 111: Either Reserved or skip Tx




Once an UL transmission has occurred, the shortened TA update solution can help us to prevent drastic path loss changes (and hence eventually using a large amount power to compensate for it) towards the upcoming PUR transmission opportunity when the UE has started to show signs of “no low-mobility” (e.g., when more than two TA steps adjustment is required). However, we also need to prevent drastic power changes before the UL transmission occurs, since in some cases the TA validation mechanism won’t be able to act on it to prevent it (e.g., when the RSRP based TA validation is not used, or when its thresholds are not able to catch a large path loss change).
For example, if the UE is positioned at 234 meters from the eNodeB and then it travels 156 meters towards the eNodeB the path loss change is ⁓9.5 dB. Thus, for preventing drastic UL power variations needed to compensate large path loss changes, the UE should proceed to transmit over PUR only if the difference between the previous and the current “PL” (i.e., the path loss estimate) is less or equal than XdB. The value of X can be 6dB, considering that close to the eNodeB even the minimum possible TA adjustment (i.e., 1TA which is equivalent to ⁓78 m) sometimes leads to a 6dB path loss change, and because for example in legacy, the power used by the preambles during the power ramping procedure can be up to 6 dB.
[bookmark: _Toc16842114]There is also a need to prevent drastic power changes before the UL transmission occurs, since in some cases the TA validation mechanism won’t be able to act on it to prevent it.
[bookmark: _Toc16842136]Even if the TA is valid, the UE is only allowed to transmit over PUR if the difference between the previous and the current “PL” (i.e., the path loss estimate) is less or equal than XdB.
· [bookmark: _Toc16842137]The value of X is [+/-6 dB].
2.2.2	DCI for Dedicated PUR (UL Grant and L1-ACK)
In RAN1 #96bis, RAN1 formulated the following Working Assumption touching upon DCI impacts “Working Assumption#1: In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported”. In relation to it, RAN2 agreed the following “• For some cases L1 signalling is sufficient to acknowledge, i.e. RRC response message is not needed.” 
The fact that in some cases the L1-ACK has been considered as sufficient with no need of an RRC response message, implies that certain PUR related parameters should be updated via L1 signaling. Preliminary RAN1 discussions have considered several candidates that might be updated via L1 signaling, for example “TA updates”, “Power Control related parameters”, and “Number of repeats”.
Before deciding on what parameters to update via L1 signaling it is necessary to identify which of them are critical as to keep PUR running, this since L1 bits are both scarce and costly specially in deep coverage. On this matter, although to some extent all the aforementioned candidate updates are time-critical, “TA updates” for PUR should take precedence over all the other potential updates since before any other update can take effect on a PUR transmission the TA must have been validated. Thus, as starting point we analyse how many L1 bits in Format N0 can in principle be re-purposed to carry a shortened TA update consisting of 3bits.
2.2.2.1	DCI for UL Grand and L1-ACK in Format N0
Below we analyse existing fields in DCI Format N0, to later identify candidate fields that might be re-purposed for PUR.
	Format N0

	 -	Flag for format N0/format N1 differentiation – 1 bit
-	Subcarrier indication – 6 bits
-	Resource assignment – 3 bits 
-	Scheduling delay – 2 bits 
-	Modulation and coding scheme – 4 bits 
-	Redundancy version – 1 bit 
-	Repetition number – 3 bits 
-	New data indicator – 1 bit
-	DCI subframe repetition number – 2 bits
-	HARQ process number – 1 bit




When a UE is configured with PUR, the “New data indicator” field won’t be used, whereas for NB-IoT it has been agreed using a single HARQ process for PUR, hence both fields can be re-purposed. All other fields might at some point be used by PUR and cannot be re-purposed. 
Under the premise of including in the DCI a 3-bit shortened TA update field, we analyse separately the “UL grant” case and the “L1-ACK” case.
2.2.2.1.1	UL Grant
Upon an unsuccessful PUR transmission the UE should in principle receive an UL Grant to perform a retransmission, which will benefit from having received a TA update. Below we illustrate how to include a 3-bit shortened TA update indication for both CE Mode A and B in an UL Grant for PUR.
	UL Grant for PUR:
Including a 3-bit Shortened TA update indication

	Format N0

	-     New data indicator – 1 bit. This field is not present if ce-PUSCH-PUR-Config is configured and enabled by higher layers.
[bookmark: _Hlk13079502] -     HARQ process number – 1 or 2/3 bits.  This field can only be is present if 2 HARQ processes are configured and the corresponding DCI format is mapped onto the UE specific search space given by the C-RNTI as defined in [3]. This field is also present when  ce-PUSCH-PUR-Config is configured and enabled by higher layers, this 2/3-bits field applies and is used for the indication of a TA adjustment within a shortened TA range as described in [TS 36.213].



Including a 3-bit shortened TA update indication in Format N0 is challenging, since without increasing the existing payload size of the DCI there are only two bits available to be re-purposed. Thus, we have considered two possible solutions (i.e., “2/3 bits”):
· 2-bits: In this case, the legacy DCI size is kept untouched while we stick to the 2bits that can be re-purposed (note that for having 2-bits available, the “HARQ process number” field borrows 1bit from the “New data indicator” field). This would mean that the shortened TA update range will have to be based on 2-bit coding (e.g., indicating only +/-78m and fallback indications).

· 3-bits: In this case, the legacy DCI size is increased by 1bit as to use the 3-bit shortened TA update range. Increasing the DCI size by 1-bit might be acceptable as long as it doesn’t impact any RAN4 performance requirement.

[bookmark: _Toc16842115]A retransmission will benefit from receiving a TA update as part of the UL Grant.
[bookmark: _Toc16842116]When a UE is configured with PUR, the “New data indicator” and the “HARQ process number” fields could be re-purposed, since PUR uses a single HARQ process and the “NDI” is implicit for PUR (all other fields remain as in legacy).
[bookmark: _Toc16842117]In Format N0, the “UL Grant” can re-purpose both the 1-bit “HARQ process number” and 1-bit “New data indicator” fields along with increasing the DCI size by 1bit as to include a 3-bit shortened TA update indication.
[bookmark: _Toc16842138]For the PUR “UL Grant” using Format N0, both the 1-bit “HARQ process number” and 1-bit “New data indicator” fields are re-purposed along with increasing the DCI size by 1bit as to include a 3-bit shortened TA update indication.
· [bookmark: _Toc16842139]The above is subject to not impacting any RAN4 performance requirement as consequence of increasing the DCI by 1-bit. Otherwise, the shortened TA update indication in Format N0 shall stick to 2-bits.
2.2.2.1.2	L1-ACK
[bookmark: _Hlk13144875]Upon a successful PUR transmission the UE should in principle receive an ACK, and the next PUR transmission will benefit from having received a TA update. 
In RAN1 #96bis, the following agreement was reached in relation to the L1-ACK for NB-IoT:
	Agreement
Reuse existing field(s) of DCI format N0 to convey the dedicated PUR ACK




In line with the agreement above and using as reference the L1-ACK implementation that exist today in the specifications for MTC. The L1-ACK for NB-IoT using Format N0 can be implemented by setting the “subcarrier indication” and “resource assignment” fields to all ones and setting all remaining bits to zero except the “Flag for format N0/format N1 differentiation”, the “DCI subframe repetition number”, and the fields repurposed for the TA update in PUR.
Below we illustrate how to include a 3-bit shortened TA update indication for Format N0 by following the same principle as in the legacy L1-ACK used in MTC.
	L1-ACK for PUR:
Including a 3-bit Shortened TA update indication

	CE Mode A (Format 6-0A)

	If nb-iot-PUSCH-PUR-Config is configured and enabled by higher layer and the subcarrier indication and resource assignment fields in format N0 are set to all ones, format N0 is used for the indication of ACK feedback, and all the remaining bits except Flag for format N0/format N1 differentiation, DCI subframe repetition number, and Repetition number are set to zero. The Repetition number field is used to indicate a TA adjustment within a shortened TA range as described in [TS 36.213].




Including a 3-bit shortened TA update indication in Format N0 is achieved by re-purposing the “Repetition number” field which consists of 3bits. 
[bookmark: _Toc16842118]Upon a successful transmission, the next PUR transmission will benefit from having received a TA update as part of the ACK.
[bookmark: _Toc7354634][bookmark: _Toc16842119]The L1-ACK using Format N0 is implemented by setting the “subcarrier indication” and “resource assignment” fields to all ones and setting all remaining bits to zero except “Flag for format N0/format N1 differentiation”, “DCI subframe repetition number”, and “Repetition number” (this last one re-purposed for a 3bit TA update).
[bookmark: _Toc16842140]The L1-ACK using Format N0 is implemented by setting the “subcarrier indication” and “resource assignment” fields to all ones and setting all remaining bits to zero except “Flag for format N0/format N1 differentiation”, “DCI subframe repetition number”, and “Repetition number” (this last one re-purposed for a 3bit TA update).
[bookmark: _Toc16842141][bookmark: _Hlk13212244]From the analysis above it can be seen how including TA updates for PUR in the DCI is very costly even if the range has been shortened by half (3-bits) compared to the full legacy TA update range (6-bits). Thus, any other update required by PUR that couldn’t be carried on an unused combination of the shortened TA update should be delivered via higher layers, including power control related updates (e.g., the Target UL power level (P_0), which already today is delivered by RRC signaling).
[bookmark: _Toc16842120]Including TA updates in the DCI is very costly even if the range has been shortened by half (3-bits) compared to legacy (6-bits). Thus, any other update that couldn’t be carried on an unused combination of the shortened TA update should be delivered via higher layers.
[bookmark: _Toc16842142]Any other update required by PUR that couldn’t be carried on the DCI in unused combinations of the shortened TA update should be delivered via higher layers.
2.3	Search Space Type for PUR
[bookmark: _Hlk4765336]In RAN1 #97, the following agreement was reached towards the selection of the Search Space Type to be used by PUR.
	Agreement
Select one of the following in RAN1#98
· Alt1: In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs
· Alt2: In idle mode, the PUR search space PRB pairs is fixed to 2+4 PRBs



The above agreement basically refers to a down-selection between using USS (Alt1) or CSS Type-2 (Alt2) as the search space type for PUR. 
· USS: It is a device-specific search space monitored by the device in connected mode.
· CSS Type-2: It is utilized for transmitting DCIs related to RA messages (Msg2, HARQ of Msg3, Msg4).
Before taking any decision, in RAN# 97 more time was requested to compare the above search space types. Thus, below we provide a comparison between USS and CSS Type-2 aiming at finding the one that from our point of view will better suit PUR.
	
	USS
	CSS Type-2

	
Frequency Domain Differences
	Bandwdith:
90 or 180KHz
	Bandwdith:
90 or 180KHz

	
	Aggregation and repetition levels
· TS 36.213, Table 16.6-1.

	Aggregation and repetition levels
· TS 36.213, Table 16.6-3.


	







Time Domain Differences
	Maximum repetition factor (Rmax):
	Rmax
	R
	DCI subframe repetition
number
	NCCE indices 

	
	
	
	L’=1
	L’=2

	1
	1
	00
	{0},{1}
	{0,1}

	2
	1
	00
	{0},{1}
	{0,1}

	
	2
	01
	-
	{0,1}

	4
	1
	00
	-
	{0,1}

	
	2
	01
	-
	{0,1}

	
	4
	10
	-
	{0,1}

	>=8
	Rmax/8
	00
	-
	{0,1}

	
	Rmax/4
	01
	-
	{0,1}

	
	Rmax/2
	10
	-
	{0,1}

	
	Rmax
	11
	-
	{0,1}




	Maximum repetition factor (Rmax):
	Rmax
	R
	DCI subframe repetition
number
	NCCE indices 

	
	
	
	L’=1
	L’=2

	1
	1
	00
	-
	{0,1}

	2
	1
	00
	-
	{0,1}

	
	2
	01
	-
	{0,1}

	4
	1
	00
	-
	{0,1}

	
	2
	01
	-
	{0,1}

	
	4
	10
	-
	{0,1}

	>=8
	Rmax/8
	00
	-
	{0,1}

	
	Rmax/4
	01
	-
	{0,1}

	
	Rmax/2
	10
	-
	{0,1}

	
	Rmax
	11
	-
	{0,1}





	
	G factor:
{1.5, 2, 4, 8, 16, 32, 48, 64}

	Operation Mode
	Connected Mode ony
	Idle and Connected Mode

	Signalling Differences
	The configuration parameters are signaled using SIB2-BR
	The configuration parameters are signaled using device-specific RRC signaling.



[bookmark: _Hlk14088653]From the comparison above we can conclude that in terms of allocated resources there is a slight difference between “USS” and “CSS Type-2” on the frequency domain (90KHz or 180KHz Aggregation Level for Rmax = 1 and 2 cases when R=1), being “USS” the one that slightly offers more flexibility. The other difference is on how the configuration parameters are signaled to the UE, since for “USS” this is done using device-specific RRC signalling whereas for “CSS Type-2” this is done via SIB-NB. Finally, another important difference is that “USS” is not defined for idle-mode, whereas “CSS-Type2” is utilized in both idle and connected mode. 
[bookmark: _Toc16842121]From the comparison performed between “USS” and “CSS-Type2” the following was concluded:
· [bookmark: _Toc16842122]Search Space Allocated Resources: There is a slight difference between “USS” and “CSS Type-2” in the frequency domain (90KHz or 180KHz Aggregation Level for Rmax = 1 and 2 cases when R=1), being “USS” the one that offers more flexibility.
· [bookmark: _Toc16842123]Signaling: For “USS” the configuration parameters are signaled using device-specific RRC signalling, whereas for “CSS Type-2” this is done via SIB-NB.
· [bookmark: _Toc16842124]Operation Mode: “USS” is not defined for idle-mode, whereas “CSS-Type2” is utilized in both idle and connected mode
Based on the above analysis, and mainly aiming at offering the most flexibility to the PUR search space, the “USS” search space type results to be a better choice. Moreover, the fact of using device-specific RRC signalling also offers flexibility to better assess different PUR use cases (e.g., multiplexing UEs having different periodicities that may require different Rmax, G). Thus, as long as enabling “USS” in idle mode doesn’t create a significant spec impact, then it should be used for PUR.
[bookmark: _Toc16842125]“USS” offers slightly more flexibility for MPDCCH resource allocation, whereas using device-specific RRC signalling also offers flexibility to better assess different PUR use cases (e.g., multiplexing UEs having different periodicities that may require different Rmax, G). 
[bookmark: _Toc16842143]“USS” (i.e., Alt1) is the Search Space Type used by PUR as long as enabling it in idle mode doesn’t create a significant spec impact.
2.4	Power control for Dedicated PUR
In RAN1 #96bis, initial discussions on power control for dedicated PUR resulted in the following agreement for MTC, but it was not captured yet for NB-IoT:
	Agreement
The power control parameters within the PUR configuration, shall at least include:
· Target UL power level (P_0) for the PUR transmission




[bookmark: _Hlk7218723]In relation to it, the open loop power control mechanism that is used today by NPUSCH in NB-IoT seems to be a suitable candidate to be used as power control mechanism for PUR. Nonetheless, even if the existing equation could be re-used as it is, still a slight complementary solution will be need to adapt it better to the PUR transmissions such as accounting for the PL difference to allow or not a transmission (see bottom of section 2.2.1).
[bookmark: _Hlk7218620][bookmark: _Hlk7302658][bookmark: _Toc7798255][bookmark: _Toc16842126]The NB-IoT open loop power control seems to be a suitable candidate to be used as power control mechanism for PUR.
[bookmark: _Toc7798285][bookmark: _Toc16842144]The NB-IoT open loop power control is used as power control mechanism for PUR.
2.5	FFS on TA update 
When the TA validation mechanisms are tested and not passed, what RAN1 has agreed is that “the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures”. What remains under FFS, is if for not abandoning PUR, only the TA should be acquired by either legacy means, or other approaches.
	Agreement 
[bookmark: _Hlk2952825][bookmark: _Hlk3233793]When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures 
· FFS whether only TA is acquired and then data sent on PUR is supported
· FFS other approaches to obtain a valid TA


 
In relation to the first FFS, in previous meetings some companies have proposed that in order to acquire a valid TA, the UE may transmit Msg1 to receive an updated TA via Msg2, and that even a light version of Msg2 (e.g., carrying only TA) could be used for this purpose. Nonetheless, in our view the approach proposed by the FFS leads to the following disadvantages:
· Even if a light version of Msg2 (e.g., carrying only TA) were transmitted, the signaling overhead would be comparable with the one of EDT (i.e., the signaling reduction pursued by using PUR would vanish).
· When a TA validation test is not passed, in some cases it may be due that the UE has moved to a different coverage level or it has changed cell, and in that case just updating the TA is not sufficient.
· The TA validation should be tested as close as possible to the PUR transmission opportunity, as to increase the chances that the TA will remain valid during the actual transmission. However, introducing a scheme for just updating the TA when the validity test fails will require performing the test long before the PUR transmission opportunity as to give time transmit Msg1, Msg2 (get a new TA) and comeback to PUR to perform the transmission.
· The essence of PUR, which allows to transmit on preconfigured resources only to those UEs that fulfil the condition of being in possession of valid TA that was acquired from connected mode would be lost.
· In PUR, a UE may obtain an updated TA (i.e., a TA adjustment in a range from 0 to 63) after a PUR transmission, but not an initial timing advance command (in a range from 0 to 1282) right before transmitting on PUR.

Based on the analysis performed on the FFS, in our view is better to keep only what was agreed in RAN1 #96, that is “When the TA is validated and found to be invalid and the UE has data to send, the UE can obtain a valid TA and may send data via legacy RACH or EDT procedures”.
[bookmark: _Hlk3233876][bookmark: _Toc16842127]When the TA validation mechanisms are tested and not passed, there is an FFS on whether only the TA should be acquired. In relation to it, the following disadvantages have been identified: 
· [bookmark: _Toc16842128]The resulting overhead would be comparable to EDT.
· [bookmark: _Toc16842129]PUR is a feature intended for stationary UEs with valid TA, updating the TA when the validity test fails may not be sufficient if the failure was due to e.g., a cell change, or coverage level change.
· [bookmark: _Toc16842130]Updating the TA when the validity test fails will require performing the test long before the PUR transmission opportunity to get a new TA and comeback to PUR.
· [bookmark: _Toc16842131]The essence of PUR, which allows to transmit on PUR only to those UEs that fulfil the condition of being in possession of valid TA (from connected mode) would be lost.
· In PUR, a UE may obtain an updated TA (i.e., a TA adjustment in a range from 0 to 63) after a PUR transmission, but not an initial timing advance command (in a range from 0 to 1282) right before transmitting on PUR.

[bookmark: _Toc16842145]When the TA validation mechanisms are tested and not passed, the fall-back to legacy RACH or EDT agreed in RAN1 #96 is preferred over the FFSs.
2.6	HARQ for Dedicated PUR
[bookmark: _Hlk4750459]In terms of HARQ for Dedicated PUR, it is worth reminding that in RAN1 #95 the following agreement was reached.
	Agreement
In idle mode, only one HARQ process is supported for dedicated PUR



Moreover, in relation with the retransmissions for PUR, in some contributions submitted to RAN1#96 it was mentioned that retransmission would be performed on the most immediate uplink resources reserved for that UE (i.e., the upcoming PUR period). However, using those uplink resources would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen as depicted in Figure 3.

[bookmark: _Toc4752854][bookmark: _Toc4764204][image: ]
Figure 2: Self-blocking issue when a retransmission is performed in the available PUR resources (i.e., upcoming PUR period).
[bookmark: _Toc4749218][bookmark: _Toc4752855][bookmark: _Toc4764205]What is depicted in Figure 3 is an issue, because a device transmitting over PUR on a periodic basis is expected to deliver new data (e.g., an updated pollution/temperature report) every time a new period begins, however as it is shown a retransmission prevents the UE from reporting new data. The situation becomes more severe when one retransmission attempt is not sufficient, since the periodic uplink resources may be blocked by retransmissions several times in a row. Hence, it should be clarified that dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period.
[bookmark: _Toc7798258][bookmark: _Toc16842132]Using subsequent PUR occasions for retransmissions would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen.
[bookmark: _Toc16842146]Dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period
3	CFS PUR and CBS PUR in IDLE mode
In RAN1 #94bis, it was agreed that “In idle mode, dedicated PUR is supported”, while the “Support for CFS PUR” and the “Support for CBS PUR” remained as FFS.
3.1	CFS PUR
 The definitions of “CFS PUR” applicable for this Work Item objective was described as follows:
	Contention-free shared preconfigured UL resource (CFS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
-	PUSCH resource is at least time-frequency resource
-	CFS PUR is contention-free 


3.2 Evaluation on CFS PUR
In RAN1 #95 a set of simulation assumptions were agreed to evaluate the potential benefits of a CFS PUR scheme based on MU-MIMO [8].
[bookmark: _Hlk956518]In [9], the performance of a number of UEs transmitting simultaneously over an equal number of PRBs was compared versus assigning a PRB to each of those UEs (e.g., 6 UEs transmitting simultaneously over 6 PRBs was compared versus 6UEs transmitting independently on its own PRB). Following the same logic, in this contribution the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers as to make the evaluations also valid for NB-IoT. 
[bookmark: _Hlk13830561]In both RAN1#96 [10] and #96bis [11], a set of simulation results were presented to evaluate the performance of CFS PUR based on MU-MIMO around a 0dB SNR. From the simulation campaign it was concluded that “CFS-PUR based on MU-MIMO using MMSE single user receiver” is not suitable for an enhanced coverage region around 0 dB with a limited number of repeats. More importantly, when the interference level is as strong as the signal of the other UE (INR = SNR), then there is an error floor (i.e., a 10% BLER performance can’t be achieved).
	A)
[image: ]
	B)
[image: ]


Figure 3 Performance comparison of CFS PUR based on MU-MIMO versus Dedicated PUR (i.e., A) 20 subframes of transmission, B) 32 subframes of transmission).
[bookmark: _Toc16842133]“CFS-PUR based on MU-MIMO using MMSE single user receiver” is not suitable for an enhanced coverage region around 0 dB with a limited number of repeats. When two UE’s transmit with the same power (INR=SNR for the observed UE), then there is an error floor (i.e., a 10% BLER performance cannot be achieved).
[bookmark: _Toc16842147]CFS-PUR based on MU-MIMO using MMSE single user receiver is not supported in a coverage region around 0 dB with a limited number of repeats.
As a follow-up, initial evaluations have been performed in a deeper coverage region [10-11]. In RAN1#97 a simulation was performed using a “Total transmission length (maximum total number of (valid) subframes of transmission)” equal to 64 subframes (See A) in Figure 6) [12]. For RAN1 #98, a new simulation was performed using a “Total transmission length (maximum total number of (valid) subframes of transmission)” equal to X subframes (See B) in Figure 6).The setup for evaluating the “12-subcarrier allocation used by CFS based on MU-MIMO scheme”, and the “6-subcarrier allocation used by a multi-tone allocation” was as follows to keep the total transmission time the same in both cases:
· 12 subcarriers, TBS=1000, 8 RUs, and Rep=16
· 6 subcarriers, TBS=1000, 8 RUs, and Rep=8

The same set of curves (i.e., INR=-10dB, INR=0dB, INR=3dB, INR=SNR, and INR = +/-5dB+SNR) as in previous evaluations were produced.
	A)
[image: ]
	B)
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[bookmark: _Hlk7298773]Figure 4 Performance comparison of CFS PUR based on MU-MIMO versus Dedicated PUR in a deeper coverage region (i.e., A) 64 subframes of transmission, and B) 128 subframes of transmission).
The first thing to mention is that the performance of the 6-subcarrier allocation is not equal to the non-interfered 12 subcarrier allocation because the number of repeats is different due to the different RU lengths. In the case of the 6-subcarrier case less repeats were used (i.e., 4 in A) and 8 in B)) than in the 12 subcarriers case (i.e., 8 in A) and 16 in B)) for not exceeding the maximum number of usable subframes for this evaluation which was 64 and 128 for A) and B) respectively. 
The evaluation depicted in Figure 4 shows that when INR = SNR (i.e., interferer and observed UE transmit at the same power depicted by the “aqua” color curve):
· In A), there is still a performance degradation of around 2dB with respect to a full PRB allocation (or multi-tone allocation if same number of repeats were used). 
· In B), even though the number of repeats was double with respect to A), there is a performance of around 0.87dB with respect to a full PRB allocation (or multi-tone allocation if same number of repeats were used).

Thus, the new results showed that a number of subframes of transmission larger than 128 will be required to use MU-MIMO for Preconfigured Uplink Resources (PUR).
[bookmark: _Toc16842134]The second set of evaluations performed for CFS PUR based on MU-MIMO in a deeper coverage region have shown that a number of utilized subframes larger than 128 will be required to use MU-MIMO for PUR.
[bookmark: _Toc16842148][bookmark: _GoBack]Continue to evaluate CFS-PUR based on MU-MIMO using MMSE single user receiver in deeper coverage until it is shown no performance degradation with respect to a full PRB allocation.
4	Conclusion
In the previous sections we made the following observations for PUR transmissions in IDLE mode:

Observation 1	Considering that UEs using PUR are stationary or low mobility UEs, it might be possible to shorten the range of values used to update the TA.
Observation 2	Beyond saving bits, a shortened TA update can be used as a way of controlling the distances a UE using PUR is allowed to move as to avoid drastic path loss changes.
Observation 3	There is also a need to prevent drastic power changes before the UL transmission occurs, since in some cases the TA validation mechanism won’t be able to act on it to prevent it.
Observation 4	A retransmission will benefit from receiving a TA update as part of the UL Grant.
Observation 5	When a UE is configured with PUR, the “New data indicator” and the “HARQ process number” fields could be re-purposed, since PUR uses a single HARQ process and the “NDI” is implicit for PUR (all other fields remain as in legacy).
Observation 6	In Format N0, the “UL Grant” can re-purpose both the 1-bit “HARQ process number” and 1-bit “New data indicator” fields along with increasing the DCI size by 1bit as to include a 3-bit shortened TA update indication.
Observation 7	Upon a successful transmission, the next PUR transmission will benefit from having received a TA update as part of the ACK.
Observation 8	The L1-ACK using Format N0 is implemented by setting the “subcarrier indication” and “resource assignment” fields to all ones and setting all remaining bits to zero except “Flag for format N0/format N1 differentiation”, “DCI subframe repetition number”, and “Repetition number” (this last one re-purposed for a 3bit TA update).
Observation 9	Including TA updates in the DCI is very costly even if the range has been shortened by half (3-bits) compared to legacy (6-bits). Thus, any other update that couldn’t be carried on an unused combination of the shortened TA update should be delivered via higher layers.
Observation 10	From the comparison performed between “USS” and “CSS-Type2” the following was concluded:
	Search Space Allocated Resources: There is a slight difference between “USS” and “CSS Type-2” in the frequency domain (90KHz or 180KHz Aggregation Level for Rmax = 1 and 2 cases when R=1), being “USS” the one that offers more flexibility.
	Signaling: For “USS” the configuration parameters are signaled using device-specific RRC signalling, whereas for “CSS Type-2” this is done via SIB-NB.
	Operation Mode: “USS” is not defined for idle-mode, whereas “CSS-Type2” is utilized in both idle and connected mode
Observation 11	“USS” offers slightly more flexibility for MPDCCH resource allocation, whereas using device-specific RRC signalling also offers flexibility to better assess different PUR use cases (e.g., multiplexing UEs having different periodicities that may require different Rmax, G).
Observation 12	The NB-IoT open loop power control seems to be a suitable candidate to be used as power control mechanism for PUR.
Observation 13	When the TA validation mechanisms are tested and not passed, there is an FFS on whether only the TA should be acquired. In relation to it, the following disadvantages have been identified:
	The resulting overhead would be comparable to EDT.
	PUR is a feature intended for stationary UEs with valid TA, updating the TA when the validity test fails may not be sufficient if the failure was due to e.g., a cell change, or coverage level change.
	Updating the TA when the validity test fails will require performing the test long before the PUR transmission opportunity to get a new TA and comeback to PUR.
	The essence of PUR, which allows to transmit on PUR only to those UEs that fulfil the condition of being in possession of valid TA (from connected mode) would be lost.
Observation 14	Using subsequent PUR occasions for retransmissions would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen.
Observation 15	“CFS-PUR based on MU-MIMO using MMSE single user receiver” is not suitable for an enhanced coverage region around 0 dB with a limited number of repeats. When two UE’s transmit with the same power (INR=SNR for the observed UE), then there is an error floor (i.e., a 10% BLER performance cannot be achieved).
Observation 16	The second set of evaluations performed for CFS PUR based on MU-MIMO in a deeper coverage region have shown that a number of utilized subframes larger than 128 will be required to use MU-MIMO for PUR.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce a shortened TA update range (TA: 29 to 33) for PUR using 3 bits.
Proposal 2	Even if the TA is valid, the UE is only allowed to transmit over PUR if the difference between the previous and the current “PL” (i.e., the path loss estimate) is less or equal than XdB.
	The value of X is [+/-6 dB].
Proposal 3	For the PUR “UL Grant” using Format N0, both the 1-bit “HARQ process number” and 1-bit “New data indicator” fields are re-purposed along with increasing the DCI size by 1bit as to include a 3-bit shortened TA update indication.
	The above is subject to not impacting any RAN4 performance requirement as consequence of increasing the DCI by 1-bit. Otherwise, the shortened TA update indication in Format N0 shall stick to 2-bits.
Proposal 4	The L1-ACK using Format N0 is implemented by setting the “subcarrier indication” and “resource assignment” fields to all ones and setting all remaining bits to zero except “Flag for format N0/format N1 differentiation”, “DCI subframe repetition number”, and “Repetition number” (this last one re-purposed for a 3bit TA update).
From the analysis above it can be seen how including TA updates for PUR in the DCI is very costly even if the range has been shortened by half (3-bits) compared to the full legacy TA update range (6-bits). Thus, any other update required by PUR that couldn’t be carried on an unused combination of the shortened TA update should be delivered via higher layers, including power control related updates (e.g., the Target UL power level (P_0), which already today is delivered by RRC signaling).
Proposal 5	Any other update required by PUR that couldn’t be carried on the DCI in unused combinations of the shortened TA update should be delivered via higher layers.
Proposal 6	“USS” (i.e., Alt1) is the Search Space Type used by PUR as long as enabling it in idle mode doesn’t create a significant spec impact.
Proposal 7	The NB-IoT open loop power control is used as power control mechanism for PUR.
Proposal 8	When the TA validation mechanisms are tested and not passed, the fall-back to legacy RACH or EDT agreed in RAN1 #96 is preferred over the FFSs.
Proposal 9	Dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period
Proposal 10	CFS-PUR based on MU-MIMO using MMSE single user receiver is not supported in a coverage region around 0 dB with a limited number of repeats.
Proposal 11	Continue to evaluate CFS-PUR based on MU-MIMO using MMSE single user receiver in deeper coverage until it is shown no performance degradation with respect to a full PRB allocation.
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