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1	Introduction
In the Work Item (WI) on “Additional enhancements for NB-IoT” [1], one of the objectives is to specify the following improvement for machine-type communications for NB-IoT FDD:
	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 #96, the following agreements were reached [2]. 
	Agreement 
In idle mode, the TA validation configuration can include “PUR Time Alignment Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer
· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2  

Agreement
In idle mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes
· Above applies for the case where the UE is configured to use the serving cell change attribute

Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field
· RAN2 can decide if a higher layer PUR ACK is also supported

Agreement
For dedicated PUR in idle mode, the PUR search space configuration shall be included in the PUR configuration.
· PUR search space is the search space where UE monitors for NPDCCH
· FFS: Whether PUR search space is common or UE specific

Agreement 
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

Agreement
When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied.


	Agreement
For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Note: also includes number of repetitions, number of RUs, starting position
· Frequency domain resources
· TBS(s)/MCS(s)
· Power control parameters
· Legacy DMRS pattern

Agreement
In idle mode, at least the following PUR configurations and PUR parameters may be updated after a PUR transmission:
· Timing advance adjustment 
· UE TX power adjustment
· FFS: Repetition adjustment for NPUSCH
FFS: Whether the above update is done in L1 and/or higher layer

Agreement
In idle mode, the PUR search space configuration includes at least the following: 
· NPDCCH repetitions and aggregation levels 
· NPDCCH starting subframe periodicity (variable G)
· Starting subframe position (alpha_offset)




[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	Transmission on Pre-configured UL Resources (PUR) in IDLE mode
In RAN1 #94bis it was agreed that “In idle mode, dedicated PUR is supported”, letting for-further-study the support of shared PUR schemes, which according to the definitions applicable to this Work Item objective have been categorized as “CFS PUR” and “CBS PUR”. The subsections below focus on design aspects “dedicated PUR is supported”, whereas the last section provides our view on the FFS for the support of shared schemes for PUR. 
2.1	Timing Advance
2.1.1	TA validation mechanisms
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.
[bookmark: _Hlk3235196]On this matter, in RAN1 #95 it was confirmed the support of three TA validation mechanisms: “Serving cell changes”, “Time Alignment Timer for idle mode”, and “Serving cell RSRP changes. In RAN1 #96, the way of validating the TA was agreed for some of the above-mentioned TA validation mechanisms [2], but the ultimate details for all will be worked out in RAN2 and RAN4. Another RAN1 #96 agreement touching upon all the above TA validation mechanisms states that “When the UE is configured to use several TA validation criteria, the TA is valid only when all the configured TA validation criteria are satisfied”. Moreover, RAN1 agreed that “a UE can be configured such that TA is always valid within a given cell”, letting the implementation details to RAN2 (The agreement is present for MTC, but it was missed copying it for NB-IoT).
[bookmark: _Hlk2951781]Based on the most recent agreements, the TA validation mechanisms seem to be completed at least from a RAN1 perspective.
[bookmark: _Toc4771620][bookmark: _Toc4771686]The TA validation mechanisms seem to be completed from a RAN1 perspective, the ultimate details will be worked out in RAN2 and RAN4.
2.1.2	TA update 
There was yet another TA related agreement reached in RAN1 #96, which contains two bullets listed as FFS that must be resolved in RAN1:
	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



When the TA validation mechanisms are tested and passed, the TA is considered as valid, and the UE can proceed to transmit data on the pre-configured UL resources that were signalled via RRC before transitioning to idle-mode.
However, 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 whether only the TA should be acquired by either legacy means, or other approaches. 
In relation to the 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.
· In the previous meeting in was brought up that “the UE shall perform TA validation X ms before UL transmission of data on assigned pre-configured UL resources” [3]. If we follow the approach proposed by the FFS, then the time it takes transmitting Msg1 to receive an updated TA via Msg2 will have to be added to X.

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: _Toc4771621][bookmark: _Toc4771687][bookmark: _Hlk3234379]When the TA validation mechanisms are tested and not passed, there is an FFS on whether only the TA should be acquired. Since this will result in an overhead would be comparable with EDT, then a fall-back to legacy RACH or EDT is preferred over the FFS.
[bookmark: _Toc4771780]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.
2.1.2.1 TA validation timing
[bookmark: _Hlk3239192]Before transmitting over PUR, the UE shall validate the TA. The TA validity test should be performed as close as possible to the upcoming PUR transmission opportunity, this way if TA validation were successful, the TA most likely will remain valid and the UL transmission won’t cause any interference to other UEs.
[bookmark: _Toc4771622][bookmark: _Toc4771688]The TA validity test should be performed as close as possible to the upcoming PUR transmission opportunity, this way if TA validation were successful, the TA most likely will remain valid and the UL transmission won’t cause any interference to other UEs.
With that in mind, when the UE has data to be sent, it shall perform a TA validation [1]ms (i.e., [1] subframe) before the upcoming PUR transmission opportunity on the assigned pre-configured UL resources. The value enclosed in brackets shall be confirmed by RAN4.
[bookmark: _Toc4771781]When the UE has data to be sent, it shall perform a TA validation [1]ms (i.e., [1] subframe) before the upcoming PUR transmission opportunity. The value enclosed in brackets to be confirmed by RAN4.
On the other hand, when the UE has no data to be sent (i.e., no data has arrived yet to the UE’s buffer), no TA testing is performed (to avoid signalling overhead) until the UE has data to be sent, in which case the UE shall perform a TA validation 1 subframe before the upcoming PUR transmission opportunity on the assigned pre-configured UL resources.
[bookmark: _Toc4771782]When the UE has no data to be sent, no TA testing is performed until the UE has data to be sent.
2.2	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



RAN1 has agreed that “In idle mode, dedicated PUR is supported”. The following agreements constitute its overall fundamental basis:
· “Pre-configured UL resources for transmission of data are indicated by RRC signaling. At least UE-specific RRC signaling is supported”
· “For transmission in preconfigured UL resources, an RRC idle UE may use the latest TA that passed the validation criteria”
· “RAN1 assumes that a UE transitioning from EDT/connected to idle mode can use the valid TA that was used while in EDT/connected mode”
2.2.1	Initial PUR configuration (in connected mode)
In RRC-connected state, the UE can obtain the PUR configuration via UE-specific RRC signaling (including the latest TA). More recently, in RAN1 #96 the following was agreed.
	Agreement
For dedicated PUR, in idle mode, the PUR resource configuration includes at least the following 
· Time domain resources including periodicity(s) 
· Note: also includes number of repetitions, number of RUs, starting position
· Frequency domain resources
· TBS(s)/MCS(s)
· Power control parameters
· Legacy DMRS pattern



From the above agreement it is important to be aware that the initial PUR configuration (in connected mode), will contain both legacy L1 parameters used by PUR (e.g., number of repetitions, number of RUs, etc), and new PUR specific parameters (e.g., periodicity, starting position, etc). 
[bookmark: _Hlk3803422]2.2.2	Configuration updates after a PUR Tx (in idle mode)
Once the UE has acquired an initial PUR configuration (in connected mode), the next time the UE is back to RRC-idle state, the UE can transmit on the pre-configured uplink resources if the latest TA it acquired passed the validation criteria. The PUR transmission of course can be either successful or unsuccessful, but in both cases configuration updates may occur has captured through the following agreements:

	Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field
· RAN2 can decide if a higher layer PUR ACK is also supported



	Agreement
For dedicated PUR in idle mode, the dedicated PUR ACK is at least sent on NPDCCH 
· FFS: Whether to introduce new field in DCI or reuse existing field
· RAN2 can decide if a higher layer PUR ACK is also supported



	Agreement
In idle mode, at least the following PUR configurations and PUR parameters may be updated after a PUR transmission:
· Timing advance adjustment 
· UE TX power adjustment
· FFS: Repetition adjustment for NPUSCH
FFS: Whether the above update is done in L1 and/or higher layer



The most recent agreement reached in RAN1 #96, states as “FFS: Whether the above update is done in L1 and/or higher layer”. In the following subsections we elaborate on the FFS, and the implications in terms of battery savings, signaling overhead, DCI impact, and security aspects of performing the configuration updates either via L1 only, higher layer only, or using both.
2.2.2.1	L1 only for configuration updates after a PUR Tx (in idle mode) 
The configuration updates after a PUR Tx will contain both legacy L1 parameters (e.g., number of repetitions, number of RUs, etc), and new PUR specific parameters (e.g., periodicity, starting position, etc). The main advantage of using “L1 only for performing configuration updates” is that after receiving an ACK, the UE can go to sleep earlier which translates into UE battery savings. However, there are at least two main disadvantages with this approach:
· The first disadvantage is that both, the legacy L1 parameters and new PUR specific parameters would have to be carried together. This means that the DCI size may be significantly impacted with respect to a legacy DCI (e.g., UL grant DCI Format N0)

· The second disadvantage is the lack of reliability and security, since there won’t be any L2/L3 ACK.


[bookmark: _Toc4771623][bookmark: _Toc4771689]Using “L1 only for performing configuration updates” brings battery savings, but may severely impact the DCI design/size, and compromise the security/integrity-protection of the UL transmission.
2.2.2.2	L2/L3 only for configuration updates after a PUR Tx (in idle mode)
As described in section 2.2.1, the initial PUR configuration indicated by RRC signaling in connected mode already contains both legacy L1 parameters, and new PUR specific parameters. Using “L2/L3 only for performing configuration updates” after a PUR transmission in idle mode might simply re-use (at least to some extent) the RRC message from connected mode. The main advantage with this approach is that it incorporates security/integrity-protection to the UL transmission, no UL grant will be needed (i.e., no DCI modifications), and the RRC message used for the initial PUR configuration may be re-used. The L2/L3 only solution will include a DL grant followed by NPDSCH and at least NPUSCH Format 2. The disadvantages are the presence of at least two more physical channels (recall security/integrity-protection is included) with respect to a L1 only solution, and that the agreement made by RAN1 on the L1 ACK would have to reconsidered as the L2/L3 ACK would be used instead to provide a secure communication. The L2/L3 only solution for performing configuration updates after a PUR transmission in idle mode is depicted in Figure 1.
[image: ]
Figure 1: L2/L3 only solution for performing configuration updates after a PUR transmission in idle mode.
[bookmark: _Toc4771624][bookmark: _Toc4771690]Using “L2/L3 only for performing configuration updates” incorporates security/integrity-protection, there is no need for an UL grant (no DCI impacts), and the RRC message used for the initial PUR configuration may be re-used. 
· [bookmark: _Toc4771625][bookmark: _Toc4771691]However, at least two more physical channels would be present with respect to a L1 only solution, and the RAN1 agreement on the L1 ACK would have to reconsidered as the L2/L3 ACK would be used instead to provide a secure communication.
[bookmark: _Hlk3818392]2.2.2.3	L1 and L2/L3 (Hybrid) for configuration updates after a PUR Tx (in idle mode)
It might be possible using a combination of both L1 and L2/L3 for performing configuration updates” after a PUR transmission in idle mode. Under the assumption that performing a PUR reconfiguration won’t be required to occur too often, then it might be possible to transmit most of the time only one PHY channel (i.e., NPDCCH for an UL grant), to send a L1 ACK and update some L1 parameters (e.g., number of repetitions, number of RUs, TA update, etc). On the other hand, when there is a need to perform a PUR re-configuration, in addition to the UL grant which updates L1 parameters, some other PHY channels (NPDCCH for DL grant, NPDSCH, and at least NPUSCH Format 2) used by L2/L3 signaling will be present and in this case the L2/L3 will take over the L1 ACK. The disadvantage with this scheme is that it will still require modifications on the DCI associated to the UL Grant, the L1-ACK becomes redundant when the L2/L3 signaling is present, and that a robust secure UL transmission could be guaranteed as L2/L3 signaling would be present all the time. The hybrid solution that opportunistically makes use of both L1 and L2/L3 for performing configuration updates after a PUR transmission in idle mode is depicted in Figure 2.
[image: ]
Figure 2: L1 and L2/L3 (Hybrid solution) for performing configuration updates after a PUR Tx (in idle mode).
[bookmark: _Toc4771626][bookmark: _Toc4771692]By using L1 and L2/L3 (Hybrid solution) it might be possible transmitting L1 only, unless a PUR re-configuration be required in which case L2/L3 would be used for performing configuration updates. 
· [bookmark: _Toc4771627][bookmark: _Toc4771693][bookmark: _Hlk4750173]The disadvantage with this scheme is that it will still require modifications on the DCI associated to the UL Grant, the L1-ACK becomes redundant when the L2/L3 signaling is present, whereas the security and reliability provided by L2/L3 signaling wouldn’t be present all the time.
[bookmark: _Toc4749181][bookmark: _Toc4751990][bookmark: _Hlk4713178]At a first glance is not so obvious to lean towards a “L1 only”, “L2/L3 only” or a “hybrid L1 & L2/L3” solution, since both “security” and “battery consumption” aspects need to be carefully taken into account. Since provide security and integrity protection to the PUR transmissions is a very important, the decision seems to be between a “L2/L3 only” and a “Hybrid L1 & L2/L3” solution. In [4], it was compared the battery consumption of a “L2/L3 only” solution versus a “L1 only” solution which for a hybrid scheme represents the time instances where no reconfigurations are needed. The obtained results showed an insignificant overall gain of around 3% to 4% of the “L1 only” solution over a “L2/L3 only” solution. The reason is because the total transmission time of an ACK response on either a “L1 only”, or “L2/L3 only” (or “Hybrid L1 & L2/L3”) results to be significantly much less than the total transmission time of the actual UL transmission (i.e., user data), hence the battery consumption is governed by the PUSCH transmission, regardless of the solution used for the ACK response. Therefore, in that case is better to support a “L2/L3 only” solution since it will provide a robust security and integrity protection to the PUR transmissions.
[bookmark: _Toc4771628][bookmark: _Toc4771694][bookmark: _Toc4749182]The results in [4] showed an insignificant overall gain of around 3% to 4% of the “L1 only” solution over a “L2/L3 only” solution. 
[bookmark: _Toc4771629][bookmark: _Toc4771695]The reason of the observed low gains in [4] is because the total transmission time of an ACK response on either a “L1 only”, or “L2/L3 only” (or “Hybrid L1 & L2/L3”) results to be significantly much less than the total transmission time of the actual UL transmission (i.e., user data).
[bookmark: _Toc4749183][bookmark: _Toc4771630][bookmark: _Toc4771696]In a PUR transmission, the battery consumption is governed by the PUSCH transmission regardless of the solution used for the ACK response (i.e., L1 only, L2/L3 only, or Hybrid solution). Therefore, in that case is better to support a “L2/L3 only” solution since it will provide a robust security and integrity protection to the PUR transmissions.
[bookmark: _Toc4771783]Only a “L2/L3 only ACK” is supported for configuration updates in response to a PUR Tx.
[bookmark: _Toc4771784]•	The RRC message in the initial PUR configuration is re-used for PUR (re-)configuration updates.
2.2.3	Search Space for Dedicated PUR
In RAN1 #96 there were initial discussions on whether the search space for dedicated PUR should be common (i.e., CSS) or user-specific (i.e., USS). The decision seems to be highly dependent on the RNTI type, it is therefore it is recommended to wait for RAN2 to determine the RNTI type, and whether the RNTI is to be in both idle and connected mode. 

[bookmark: _Toc4771631][bookmark: _Toc4771697]There have been initial discussions on whether the search space for dedicated PUR should be common (i.e., CSS) or user-specific (i.e., USS). 
· [bookmark: _Toc4771632][bookmark: _Toc4771698]The decision seems to be highly dependent on the RNTI type, it is therefore recommended to wait for RAN2 to determine the RNTI type, and whether the RNTI is to be used in both idle and connected mode.
[bookmark: _Toc4771633][bookmark: _Toc4771699]It is important to be aware that: 1) in idle-mode today only CSSs are available and 2) LTE-M devices in idle mode never need to monitor more than a single search space at a time.
[bookmark: _Toc4771785]Wait for RAN2 to determine the RNTI type, before deciding whether CSS or USS is to be used by PUR.
2.2.4	HARQ for Dedicated PUR
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



[bookmark: _Toc4751464][bookmark: _Toc4751643]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 3: Self-blocking issue when a retransmission is performed in the available PUR resources (i.e., upcoming PUR period).
[bookmark: _Toc4749218][bookmark: _Toc4751466][bookmark: _Toc4751645]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: _Toc4771634][bookmark: _Toc4771700][bookmark: _Toc4749186]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). 
· [bookmark: _Toc4771635][bookmark: _Toc4771701]However, this would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen. 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: _Toc4771786]Dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period.
2.2.5	Power control for Dedicated PUR
Having a valid TA is not enough to prevent the UE to interferer each other in idle mode, as the UL power also matters. Even for UEs that are (semi-)stationary, there are still chances that the UL situation changes over time. Therefore, the UE needs to determine a proper UL power before it uses the PUR resource to send data.  
Therefore, a target UL power level can be signalled the UE at the time the PUR resource configuration is allocated and through subsequent L1 parameter updates. The target UL power level is the preferred received power at the eNB, plus some tolerance. 
[bookmark: _Toc4771787]A target UL power level is signalled to the UE as part of the PUR configuration.
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 



[bookmark: _Hlk528442446]For supporting a Shared PUR scheme that is contention free, another dimension (e.g., code domain, spatial domain) needs to be added on top of the “time-frequency” dimensions to separate UEs that are simultaneously using the same PUSCH resource. Adding another dimension implies resolving first (i.e., on top of the PUR design itself) the set of technical issues associated to the Multiple-Access technique that provides a “Contention Free” shared scheme in idle mode. For example, if CDMA or MU-MIMO were used to introduce a “CFS PUR” scheme, it is foreseen that at least the following issues would have to be resolved first.
· CDMA
· Introduction of a code tree (e.g., binary Walsh code tree) with a careful selection of the branches as to keep orthogonality between UEs.
· Deal with the near-far problem in idle-mode
· The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large.

· MU-MIMO
· [bookmark: _Hlk528444741]Introduce unique DMRS(s) to distinguish between UEs transmitting in UL at the same time.
· Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed (UE pairing).
· MU-MIMO adds network complexity, since the signals of spatial multiplexed users need to be separated at the receiving eNodeB with multiple antenna array.

[bookmark: _Toc4771636][bookmark: _Toc4771702]For supporting CFS PUR another dimension (e.g., code domain, spatial domain) needs to be added, which implies having to resolve (i.e., on top of the PUR design itself) a set of technical issues associated to the Multiple-Access.
· [bookmark: _Toc4771637][bookmark: _Toc4771703]CDMA
· [bookmark: _Toc4771638][bookmark: _Toc4771704]Introduction of a code tree (e.g., binary Walsh code tree) with a careful selection of the branches as to keep orthogonality between UEs.
· [bookmark: _Toc4771639][bookmark: _Toc4771705]Deal with the near-far problem in idle-mode.
· [bookmark: _Toc4771640][bookmark: _Toc4771706]The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large.
· [bookmark: _Toc4771641][bookmark: _Toc4771707]MU-MIMO
· [bookmark: _Toc4771642][bookmark: _Toc4771708]Introduce unique DMRS(s) to distinguish between UEs transmitting in UL at the same time.
· [bookmark: _Toc4771643][bookmark: _Toc4771709]Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed (UE pairing issues).
· [bookmark: _Toc4771644][bookmark: _Toc4771710]MU-MIMO adds network complexity, since the signals of spatial multiplexed users need to be separated at the receiving eNodeB with multiple antenna array.
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 [5]. Even Though the simulation assumptions were agreed for MTC, we evaluated a setup that can well be equally applicable for NB-IoT aiming at knowing the performance of MU-MIMO over an entire PRB as compared to a non-interfered multi-tone allocation.
[bookmark: _Hlk956518]In [6], 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. Considering a TBS equal to 1000bits, the allocation of 10RUs, 1 repetition, using as a baseline the simulation setup agreed in [5], and assuming that the DMRS of the observed and the interferer UEs are perfectly orthogonal, the following set of evaluations were performed for comparison purposes.
· The performance of a UE transmitting on 12 subcarriers:

· Without having been interfered by another UE.

· After having been interfered by another UE, where the interference level is below the noise (interference-to-noise ratio (INR) = -10dB).

· After having been interfered by another UE, where the interference level is the same as the noise (INR = 0dB).

· After having been interfered by another UE, where the interference level is above the noise (INR = 3dB).

· After having been interfered by another UE, where the interference level is as strong as the signal of the other UE (INR = SNR).

· After having been interfered by another UE, where the interference level uniformly varies +/-5 dB with respect to the signal of the other UE.

· The performance of a UE transmitting on 6 subcarriers without having been interfered by another UE.

The results of the evaluations are shown in Figure 4.
[image: ]
Figure 4 Performance comparison of CFS PUR based on MU-MIMO versus Dedicated PUR.
From the evaluations depicted in Figure 4, the following can be concluded:
· For “CFS PUR based on MU-MIMO using a MMSE single user decoding” an increasing performance degradation is observed unless INR is < 0dB. However, even in this case only one of the two UEs would be recoverable, because when the interferer takes the role of the observed UE and vice-versa, the interferer will be much stronger than the observed UE resulting in a poor performance. Moreover, in all cases when INR equals the SNR, a 10% BLER performance in never achieved (see “error floor” of purple curve in Figure 4).

The observed performance difference of “CFS PUR based on MU-MIMO (assuming perfect DMRS orthogonality)” versus” Dedicated PUR” is as follows:

· At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓0.4 dB better than the recoverable UE that was interfered by another when INR = -10dB.
· At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓2.8 dB better than the recoverable UE that was interfered by another when INR = 0dB.
· At 10% BLER, 1 UE transmitting on 6 subcarriers is ⁓4.6 dB better than the recoverable UE that was interfered by another when INR = 3dB.
· 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) and none of the UEs are recoverable. The same holds when the interference level uniformly varies +/-5 dB with respect to the signal of the other UE.

[bookmark: _Toc4771645][bookmark: _Toc4771711]Following the same logic of [6], the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers. We evaluated a setup that can equally well be applicable for NB-IoT aiming at knowing the performance of MU-MIMO over an entire PRB as compared to a non-interfered multi-tone allocation
[bookmark: _Hlk3846987][bookmark: _Toc4771646][bookmark: _Toc4771712]For “CFS PUR based on MU-MIMO using a MMSE single user decoding” an increasing performance degradation is observed unless INR is < 0dB. However, even in this case only one of the two UEs would be recoverable, because when the interferer takes the role of the observed UE and vice-versa, the interferer will be much stronger than the observed UE resulting in a poor performance. Moreover, in all cases when INR equals the SNR, a 10% BLER performance in never achieved (a “noise floor” is obtained).
[bookmark: _Toc4771647][bookmark: _Toc4771713]The observed performance difference of “CFS PUR based on MU-MIMO (assuming perfect DMRS orthogonality)” versus” Dedicated PUR” is as follows:
· [bookmark: _Toc4771648][bookmark: _Toc4771714]At 10% BLER, 1 UE transmitting on 6 subcarriers is ~0.4 dB better than the recoverable UE that was interfered by another when INR = -10dB.
· [bookmark: _Toc4771649][bookmark: _Toc4771715]At 10% BLER, 1 UE transmitting on 6 subcarriers is ~2.8 dB better than the recoverable UE that was interfered by another when INR = 0dB.
· [bookmark: _Toc4771650][bookmark: _Toc4771716]At 10% BLER, 1 UE transmitting on 6 subcarriers is ~4.6 dB better than the recoverable UE that was interfered by another when INR = 3dB.
· 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). The same holds when the interference level uniformly varies +/-5 dB with respect to the signal of the other UE.

As a follow-up on the evaluation depicted in Figure 4, a new simulation was performed using a “Total transmission length (maximum total number of (valid) subframes of transmission)” equal to 32 subframes. The setup for evaluating the “12-subcarrier allocation used by CFS based on MU-MIMO scheme”, and the “6-subcarrier allocation used by subPRB” was as follows to keep the total transmission time the same in both cases:
· 12 subcarriers, TBS=1000, 4 RUs, and Rep=8
· 6 subcarriers, TBS=1000, 4 RUs, and Rep=4

The same set of curves generated for Figure 4 (i.e., INR=-10dB, INR=0dB, INR=3dB, INR=SNR, and INR = +/-5dB+SNR) were produced as shown in Figure 5.
[image: ]
Figure 5 Performance comparison of CFS PUR based on MU-MIMO versus Dedicated PUR using 32 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, the former one used less repeats (i.e., 4) than the 12 subcarriers case (i.e., 8) for not exceeding a maximum number of subframes equal to 32. 
The evaluation depicted in Figure 5 displays the same overall performance trend as in previous results. That is for “CFS PUR based on MU-MIMO using a MMSE single user decoding” even if the INR is kept much lower than 0dB, only one of the two UEs would be recoverable. Moreover, the performance gradually degrades as the INR increases, and as the INR starts to be equal to SNR, a 10% BLER performance in never achieved since a “noise floor” is produced.
[bookmark: _Toc4771651][bookmark: _Toc4771717]Based on the simulations performed, it can be concluded that “CFS-PUR based on MU-MIMO using MMSE single user receiver” is not suitable for an enhanced coverage region around 0dB with a limited number of repeats.
[bookmark: _Toc4771788]CFS-PUR based on MU-MIMO using MMSE single user receiver is not supported for a coverage region around 0dB associated to a limited number of repeats (e.g., 32)
3.3	CBS PUR
In idle mode, dedicated PUR is supported.
	Contention-based shared preconfigured UL resource (CBS PUR) is defined as an PUSCH resource simultaneously used by more than one UE
-	PUSCH resource is at least time-frequency resource
-	CBS PUR is contention-based (CBS PUR may require contention resolution)



For supporting a Shared PUR scheme that is contention based, there is no need of adding another dimension (e.g., code domain, spatial domain) since the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission, this under the understanding that other UE(s) may have selected the exact same resource which would lead to a collision. For CBS PUR, normally the number of UEs that the network can support would have to be rather low as to guarantee low collision rate.
[bookmark: _Toc4771652][bookmark: _Toc4771718]For CBS PUR, the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission. For this kind of schemes, the number of UEs that the network can support would have to be rather low as to guarantee a low collision rate.
4	Conclusion
In the previous sections we made the following observations for PUR transmissions in IDLE mode:

Observation 1	The TA validation mechanisms seem to be completed from a RAN1 perspective, the ultimate details will be worked out in RAN2 and RAN4.
Observation 2	When the TA validation mechanisms are tested and not passed, there is an FFS on whether only the TA should be acquired. Since this will result in an overhead would be comparable with EDT, then a fall-back to legacy RACH or EDT is preferred over the FFS.
Observation 3	The TA validity test should be performed as close as possible to the upcoming PUR transmission opportunity, this way if TA validation were successful, the TA most likely will remain valid and the UL transmission won’t cause any interference to other UEs.
Observation 4	Using “L1 only for performing configuration updates” brings battery savings, but may severely impact the DCI design/size, and compromise the security/integrity-protection of the UL transmission.
Observation 5	Using “L2/L3 only for performing configuration updates” incorporates security/integrity-protection, there is no need for an UL grant (no DCI impacts), and the RRC message used for the initial PUR configuration may be re-used.
· However, at least two more physical channels would be present with respect to a L1 only solution, and the RAN1 agreement on the L1 ACK would have to reconsidered as the L2/L3 ACK would be used instead to provide a secure communication.
Observation 6	By using L1 and L2/L3 (Hybrid solution) it might be possible transmitting L1 only, unless a PUR re-configuration be required in which case L2/L3 would be used for performing configuration updates.
· The disadvantage with this scheme is that it will still require modifications on the DCI associated to the UL Grant, the L1-ACK becomes redundant when the L2/L3 signaling is present, whereas the security and reliability provided by L2/L3 signaling wouldn’t be present all the time.
Observation 7	The results in [4] showed an insignificant overall gain of around 3% to 4% of the “L1 only” solution over a “L2/L3 only” solution.
Observation 8	The reason of the observed low gains in [4] is because the total transmission time of an ACK response on either a “L1 only”, or “L2/L3 only” (or “Hybrid L1 & L2/L3”) results to be significantly much less than the total transmission time of the actual UL transmission (i.e., user data).
Observation 9	In a PUR transmission, the battery consumption is governed by the PUSCH transmission regardless of the solution used for the ACK response (i.e., L1 only, L2/L3 only, or Hybrid solution). Therefore, in that case is better to support a “L2/L3 only” solution since it will provide a robust security and integrity protection to the PUR transmissions.
Observation 10	There have been initial discussions on whether the search space for dedicated PUR should be common (i.e., CSS) or user-specific (i.e., USS).
· The decision seems to be highly dependent on the RNTI type, it is therefore recommended to wait for RAN2 to determine the RNTI type, and whether the RNTI is to be used in both idle and connected mode.
Observation 11	It is important to be aware that: 1) in idle-mode today only CSSs are available and 2) LTE-M devices in idle mode never need to monitor more than a single search space at a time.
Observation 12	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, this would result in a “self-blocking” since the retransmission would prevent the transmission of new data to happen. 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.
Observation 13	For supporting CFS PUR another dimension (e.g., code domain, spatial domain) needs to be added, which implies having to resolve (i.e., on top of the PUR design itself) a set of technical issues associated to the Multiple-Access.
· CDMA
· Introduction of a code tree (e.g., binary Walsh code tree) with a careful selection of the branches as to keep orthogonality between UEs.
· Deal with the near-far problem in idle-mode.
· The orthogonality requires that the maximum carrier frequency offsets (CFO) do not be large.
· MU-MIMO
· Introduce unique DMRS(s) to distinguish between UEs transmitting in UL at the same time.
· Due to co-channel interference and the near-far problem, only BL/CE devices belonging to the same CE mode could be multiplexed (UE pairing issues).
· MU-MIMO adds network complexity, since the signals of spatial multiplexed users need to be separated at the receiving eNodeB with multiple antenna array.
Observation 14	Following the same logic of [6], the performance of 2 UEs transmitting simultaneously on 1 PRB was compared versus 1 UE transmitting on 6 subcarriers. We evaluated a setup that can equally well be applicable for NB-IoT aiming at knowing the performance of MU-MIMO over an entire PRB as compared to a non-interfered multi-tone allocation
Observation 15	For “CFS PUR based on MU-MIMO using a MMSE single user decoding” an increasing performance degradation is observed unless INR is < 0dB. However, even in this case only one of the two UEs would be recoverable, because when the interferer takes the role of the observed UE and vice-versa, the interferer will be much stronger than the observed UE resulting in a poor performance. Moreover, in all cases when INR equals the SNR, a 10% BLER performance in never achieved (a “noise floor” is obtained).
Observation 16	The observed performance difference of “CFS PUR based on MU-MIMO (assuming perfect DMRS orthogonality)” versus” Dedicated PUR” is as follows:
· At 10% BLER, 1 UE transmitting on 6 subcarriers is ~0.4 dB better than the recoverable UE that was interfered by another when INR = -10dB.
· At 10% BLER, 1 UE transmitting on 6 subcarriers is ~2.8 dB better than the recoverable UE that was interfered by another when INR = 0dB.
· At 10% BLER, 1 UE transmitting on 6 subcarriers is ~4.6 dB better than the recoverable UE that was interfered by another when INR = 3dB.
Observation 17	Based on the simulations performed, it can be concluded that “CFS-PUR based on MU-MIMO using MMSE single user receiver” is not suitable for an enhanced coverage region around 0dB with a limited number of repeats.
Observation 18	For CBS PUR, the network can pre-allocate a number of “time-frequency PUSCH resources”, from which a UE can randomly select one of them to perform its UL transmission. For this kind of schemes, the number of UEs that the network can support would have to be rather low as to guarantee a low collision rate.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	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 2	When the UE has data to be sent, it shall perform a TA validation [1]ms (i.e., [1] subframe) before the upcoming PUR transmission opportunity. The value enclosed in brackets to be confirmed by RAN4.
Proposal 3	When the UE has no data to be sent, no TA testing is performed until the UE has data to be sent.
Proposal 4	Only a “L2/L3 only ACK” is supported for configuration updates in response to a PUR Tx.
· The RRC message in the initial PUR configuration is re-used for PUR (re-)configuration updates.
Proposal 5	Wait for RAN2 to determine the RNTI type, before deciding whether CSS or USS is to be used by PUR.
Proposal 6	Dynamical scheduling of retransmissions is used as to finalize the retransmissions before the start of the next PUR period.
Proposal 7	A target UL power level is signalled to the UE as part of the PUR configuration.
Proposal 8	CFS-PUR based on MU-MIMO using MMSE single user receiver is not supported for a coverage region around 0dB associated to a limited number of repeats (e.g., 32)
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