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1. Introduction

In RAN1 #96 meeting, we had the following agreements on support for transmission in preconfigured UL resources for NB-IoT[1].

	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  

· 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

· 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

· 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

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

· 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)

· 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


In this contribution, some issues about support for transmission in preconfigured UL resources for NB-IoT are discussed.

2. Dedicated PUR

TA validation mechanism
Serving cell NRSRP changes based TA validation

“Serving cell NRSRP changes” is agreed as one of attributes for TA validation. In this subclause, ∆NRSRP defined in Equation (1) is used to reflect “serving cell NRSRP changes”

∆NRSRP = (latest NRSRP measurement) - (NRSRP measurement when TA was evaluated last time)    (1)
If ∆RSRP calculated by UE is out of a value range of ∆NRSRP, TA is judged to be invalid at the present instant, otherwise TA is valid at the present instant. Where the value range of ∆NRSRP is defined as 
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There are multiple factors that can affect NRSRP measurement result, such as path loss, shadow fading and small scale fading. Among these factors, path loss is the critical one. Since the relation between path loss and the distance from eNB is not linear ,the NRSRP is also not linear with the the distance from eNB.
Observation 1: NRSRP change is not linear with the change of  distance from eNB and is affected by various factors .

For simplification, path loss is assumed to be the only factor that can affect NRSRP measurement. Therefore, from Equation (1) we can see that ∆NRSRP is not only depend on the change of UE’s location, but also on the UE’s initial location when TA was evaluated last time. Then Equation (1) can be converted to:

          ∆NRSRP=f(UE Position, ∆Distance)                                                                                                        (2)
Where, 

· “UE Position” refers to UE’s initial location when TA was evaluated last time;

· ∆Distance refers to the change of UE’s location and 
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. D1, D2 respectively refer to the maximum distance that the UE can move towards eNB or far away from eNB while TA is still kept valid. Normally it is assumed that D1 equals to D2.

When ∆Distance is set to -D1, +D2 respectively, the output of Equation (2) are -R1, +R2 which are the boundary value of value range of ∆NRSRP. Since “UE Position” cannot be exactly estimated by eNB even with positioning, the output of  Equation (2),  -R1, +R2, cannot be exactly evaluated. Likewise, it is also not possible to accurately estimate the exact UE moving direction.
Observation 2: PUR UE’s location at the time when TA was evaluated cannot be accurately estimated by eNB even with positioning enabled in certain scenario.

Observation 3: UE specific ∆RSRP validation threshold cannot be accurately configured by eNB.
The above analysis is based on the assumption that path loss is the only factor that can affect NRSRP measurement. However, in actual wireless environment the evaluation of ∆NRSRP will become much more difficult since multiple factors have to be taken into consideration.

For simplification, the boundary value of value range of ∆NRSRP, R1 and R2, are assumed to be the same and can be configured by eNB per PUR UE. Then if ∆NRSRP calculated by UE is out of a value range, 
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Proposal 1: For “Serving cell NRSRP changes” based TA validation mechanism, ∆NRSRP is defined as
                   ∆NRSRP = (latest NRSRP measurement) -  (NRSRP measurement when TA was evaluated last time)
Proposal 2: For evaluation of NRSRP for TA validation,

If abs(∆NRSRP)<=R1, (R1 is eNB configured RRC parameter), TA is valid for this NRSRP measurement
According to the agreement in RAN1 #95, NRSRP measurement for “Serving cell NRSRP changes” reuse the existing NRSRP measurement mechanism in Rel-15 TS36.214. In the existing NRSRP measurement mechanism, a minimum measurement interval is defined in TS36.133, thus for PUR transmission in RRC_IDLE mode at least N(N>=0) NRSRP measurement intervals are existed before next PUR transmission when the TA was given.
Observation 4: For PUR transmission in RRC_IDLE mode, at least N(N>=0) NRSRP measurement intervals are existed before next PUR transmission when the TA was evaluated.
A straightforward way for “Serving cell NRSRP changes” based TA validation mechanism is that only the measured NRSRP result from the latest one of the N NRSRP measurement intervals is used to calculate ∆NRSRP and if the ∆NRSRP is out of a value range, 
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Regarding this straightforward method, when the ∆NRSRP calculated by UE is in the value range, there is still a possibility that the UE’s TA is invalid actually since NRSRP measurement can only reflect the distance from eNB roughly. If the wireless environment(such as shadow fading, small scale fading) has changed due to the mobility of UE, though the ∆NRSRP is still in the value range, there is a possibility that the UE’s actually location of the current time is far away from its initial location when the TA was given. If it happens, the PUR transmission in the next PUR resources will not be successfully decoded by eNB. It will cause the waste of UE power consumption and resource overhead of PUR.
If N is larger than 1, ∆NRSRP derived from previous N-1 NRSRP measurement intervals can help UE reduce the possibility of false judgement of TA validation. For example, in each of the previous N-1 NRSRP measurement intervals, the UE can judge whether the UE is nearby the initial location at the moment based on the calculated ∆NRSRP. If the ∆NRSRP is not out of the value range in any of N NRSRP measurement intervals, it proves that the UE is always nearby the UE’s initial location. Therefore, there exists a very high possibility that the TA is valid for the next PUR transmission.

Observation 5: If the ∆NRSRP is not out of the value range in any of the N NRSRP measurement intervals, it proves that the UE is always close to the UE’s initial location. Therefore, there exists a very high possibility that the TA is valid for the next PUR transmission.
From previous discussion it is known that RSRP measurement cannot reflect UE’s actual TA in many scenarios, for example a UE close the eNB but with large penetration loss may have similar RSRP value with a cell edge UE with no penetration loss. Therefore it is necessary for eNB to configure multiple RSRP validation during one PUR period to guarantee the TA is truly valid.

 Therefore it is suggested that the number of ∆NRSRP calculation per PUR period, M, can be configured by eNB. When M>1, if at least one ∆NRSRP calculation result satisfies abs(∆NRSRP)>R1 ,TA is invalid.

Proposal 3: For “Serving cell NRSRP changes” based TA validation mechanism, the number of ∆NRSRP calculation result per PUR period, M, can be configured by eNB.
· When M>1, if at least one ∆NRSRP calculation result satisfies abs(∆NRSRP)>R1 , (R1 is eNB configured RRC parameter), TA is invalid.
TA Timer based TA validation

Considering TA update procedure is agreed to be supported in RAN1 #96 meeting, it is suggested that the judgement time of TA validation is at least X ms before next PUR transmission. If TA is found to be invalid, the UE can obtain a valid TA in the timer interval of X ms via legacy RACH or EDT procedures. The value of X is configured by eNB.

Proposal 4: For TA Timer based TA validation mechanism, validation instant   is at least X ms before next PUR transmission. X is eNB configured RRC parameter.
UE behaviors when TA is invalid

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. If legacy RACH is used to obtain a valid TA, the UE must enter RRC_CONNECTED mode according to legacy RACH procedure described in the current spec. If the PUR transmission is not release, the UE must enter RRC_IDLE mode again for PUR transmission. It seems that the mode transition of UE will cause some useless waste of UE power consumption and signalling overhead. Therefore, legacy RACH is not a preferred method for obtaining valid TA for PUR UE in RRC_IDLE mode when the TA is invalid.

Observation 6: Legacy RACH is not a preferred method for obtaining valid TA for PUR UE in RRC_IDLE mode when the TA is invalid.

If EDT is used to obtain a valid TA, UE does not need  to enter RRC_CONNECTED mode via high layer signalling “RRCConnectionRelease” sent in Msg4.,The allocated resource of EDT Msg3 is contention based, it may cause resource collision and the retransmission of Msg3.When the PUR UE has data to send, dedicated PUR resource is preferred than EDT since the dedicated PUR resource is non-contention based. Furthermore,if UL data is transmitted in EDT Msg3,the next PUR resources will be wasted. 

Observation 7: When the PUR UE has data to send, dedicated PUR resource is preferred than EDT since the dedicated PUR resource is non-contention based.

Observation 8: If UL data is transmitted in EDT Msg3,the next PUR resources will be wasted.

Based on the above analysis of legacy RACH and EDT, it is necessary to introduce a simple method for only obtaining TA when the TA is found to be invalid. For example, in legacy contention based random access procedure, the PUR UE can send UE ID(such as PUR specific RNTI) to eNB via Msg3, then eNB can send Msg4 to end the random access procedure.In this case, the UE does not need to enter RRC_CONNECTED mode.
Proposal 5: When the TA is validated and found to be invalid and the UE has data to send, a simplified legacy contention based random access procedure can be used for only obtaining TA.

In addition, if TA Timer is configured for TA validation, non-contention based NPRACH can be configured for PUR UE for obtaining valid TA when the TA is found invalid. The NPRACH period is configured according to value of TA Timer. For example, the NPRACH period is just configured to the same value as the TA Timer. When the TA is found to be invalid, the UE can send non-contention based preamble to trigger non-contention based random access procedure, then the updated TA can be sent in MAC RAR by eNB. Furthermore, if the TA can be obtained before the next PUR resource, the UE can use the next PUR resource for UL data transmission.
Proposal 6: Non-contention based preamble can be configured in PUR configuration.

Once TA is invalid, the subsequent PUR resources cannot be used for PUR transmission until TA is updated to valid. Rather than wasting these PUR resources, it is better to transmit preamble on these resources for TA estimation. It is obvious that not any kind of PUR resource configuration can support preamble transmission since the preamble has its own time-frequency structure. If the time-frequency resources of PUR allocated by eNB is large enough for carrying preamble, the preamble can be transmitted on the PUR resource when TA is invalid. Thus the waste of PUR resource is reduced and it can avoid the collision with preambles transmitted in NPRACH.
Observation 9: Once TA is invalid, the subsequent dedicated PUR resources cannot be used for PUR transmission until TA is updated to valid.

Observation 10: If PUR transmission is happened during TA invalidation, the PUR transmission cannot be successfully decoded by eNB and this leads to the waste of PUR resource. 
Observation 11: If time-frequency resources of dedicated PUR allocated by eNB is large enough for carrying preamble, the preamble can be transmitted in the dedicated PUR resource for TA measurement when TA is invalid.
Observation 12: If preamble is transmitted in dedicated PUR resources, when TA is invalid, the waste of PUR resources is reduced and it can avoid the collision with the preambles transmitted in NPRACH.
For FDD NB-IoT, NPRACH format 0,1 with 3.75kHz subcarrier spacing and NPRACH format 2 with 1.25kHz subcarrier spacing are supported. The minimum requirement of time-frequency resource for one preamble transmission is listed as follows:
· 7 sub-carriers in frequency domain (8*3.75=30kHz) and 5.6 ms in time domain for NPRACH format 0

· 7 sub-carriers in frequency domain (8*3.75=30kHz) and 5.6 ms in time domain for NPRACH format 1

· 22 sub-carriers in frequency domain (23*1.25=28.75kHz) and 19.2 ms in time domain for NPRACH format 2

When time-frequency resources configured for PUR meet the above minimum requirement, the PUR resources can be used for NPRACH preamble transmission.

For NPUSCH,{3,6,12} subcarriers with 15kHz subcarrier spacing are supported if multiple subcarriers is configured in NPUSCH resource allocation.It is assumed that the same resource allocation scheme is used for PUR.In this case, the minimum bandwidth of PUR transmission is 45kHz if multiple subcarriers is configured, which can meet the minimum requirement of NPRACH preamble transmission in frequency domain. Therefore, when the length of the allocated PUR resource in time domain is larger than NPRACH preamble, the PUR resource can be used for NPRACH preamble transmission.

An example of PUR resource allocation using for NPRACH preamble transmission is shown in Figure 1, where 3 subcarriers are allocated for PUR and the repetition number is 8 for PUR. Based on the analysis in the beginning of this section, NPRACH preamble format 0 or 1 can be transmitted on the PUR. Further more, Considering the frequency location of the NPRACH preamble transmission is constrained within 
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 subcarriers (equals to 45kHz) which is the same bandwidth size as PUR. Thus at most 12 NPRACH preambles can be transmitted on the PUR resources. In order to mitigate the interference for UL channel on the adjacent subcarriers, the optimal NPRACH is the NPRACH with starting subcarrier index 2 or 3 as shown in Figure 1, then 7.5kHz in upper and lower sideband are reserved for guardband respectively. 
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Figure 1:an example of PUR resource allocation using for NPRACH preamble transmission
Proposal 7: Preamble can be transmitted on the PUR resource when TA is invalid.

PUR search space

Type of PUR search space

In RAN1 #95 meeting, we had the following agreement on dedicated PUR search space configuration:
For dedicated PUR in idle mode, UL grant for HARQ retransmission is transmitted in NPDCCH search space

· FFS: Details on the search space (for example USS, CSS)

In this subclause, pros and cons of each type of PUR search space are analyzed.

· If legacy Type-2 CSS is used as PUR search space, some problems will arise:

· Since legacy Type-2 CSS is not specially configured for dedicated PUR, the period of search space and maximum repetition number of NPDCCH maybe not suitable for dedicated PUR. For example, if the period does not match the transmission period of dedicated PUR very well, the time delay of PUR retransmission(if exists) will be much larger since the starting position of the first available NPDCCH used for HARQ-ACK feedback maybe far away from the end of initial PUR transmission. Regarding the maximum repetition number of NPDCCH, it is configured by higher layer signalling and shall meet the transmission requirement of NPDCCH for a set of UEs in a specific coverage enhancement level. That is to say, the configured NPDCCH repetition number should make sure that the NPDCCH can be successfully decoded by the UE under the worst wireless channel situation in that coverage enhancement level. In this case, the NPDCCH repetition number configured by eNB is redundant for the UE under good wireless channel situation.Therefore,the NPDCCH repetition number of Type-2 CSS configured by eNB maybe redundant for the dedicated PUR under good wireless channel situation. 
· If PUR USS is used

· The repetition number of NPDCCH can be carefully configured by eNB based on the actual wireless channel situation and coverage enhancement level of each PUR UE.

· If PUR USS is used, the problems raised in legacy Type-2 CSS will be solved successfully.

Based on the above analysis, PUR USS is preferred for dedicated PUR transmission. PUR related information, such as HARQ-ACK, UL grant for HARQ retransmission, are carried in the PUR USS. In addition, when eNB find the UE’s TA is invalid, PDCCH order can also be sent in the PUR USS for triggering non-contention based random access in order to obtain TA.

Observation 13: The period of  legacy Type-2 CSS can not match PUR transmission period very well since the legacy Type-2 CSS is only used for NPDCCH during random access.

Observation 14: If legacy Type-2 CSS is used as PUR search space,  the Type-2 CSS NPDCCH repetition number  of a certain coverage enhancement level is redundant for the UE under good wireless channel situation in that coverage enhancement level.
Proposal 8: PUR USS is supported for dedicated PUR.

Proposal 9: When eNB finds the UE’s TA is invalid, PDCCH order can be sent in PUR USS for triggering non-contention based random access in order to obtain TA.
Configuration of PUR search space
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Figure 1: PUR USS resource allocation for dedicated PUR
An example of USS resource allocation for dedicated PUR is shown in Figure 1, where the quantity T is the resource allocation period of dedicated PUR. One PUR USS corresponds to one dedicated PUR resource. The gap between the starting position of PUR USS and the end of dedicated PUR resource can be configured by eNB. One USS duration configured by eNB can include multiple NPDCCH candidates.

Proposal 10: The starting position of PUR USS is based on the position of PUR resources in time domain.
Issue on paging monitoring for PUR UE

In legacy system, when UE’s paging occasions in paging transmission window(PTW) arrive, the UE should monitor paging message in Type1 common search space. Since PUR USS is a mandatory search space that PUR UE should monitor, thus PUR UE in RRC_IDLE mode should monitor at least the following 2 type of search space:

·  Type1 CSS for Paging

· PUR USS
If Type1 CSS and PUR USS are configured in different carriers and PUR USS in time domain overlaps with PTW, the UE should do handover between two carriers frequently for NPDCCH monitoring. It will increase the operation complexity of NPDCCH monitoring obviously.

In order to solve the problem, some optimized schemes can be considered. For example, when the PUR USS in time domain overlaps with the PTW, UE does not need to monitor paging message in the PTW. eNB is aware of whether a paging UE is PUR UE or not by checking UE’s ISMI or S-TMSI carried in paging message sent from MME. If the paging UE is a PUR UE and the PUR USS in time domain overlaps with the PTW, NPDCCH carrying a DL grant can be sent to the paging UE in the PUR USS, then the NPDSCH scheduled by the DL grant is used to transmit DL data for the paging UE.  
In addition, when the PUR USS in time domain does not overlap with UE’s PTW but the gap between PUR USS and UE’s paging occasion is less than a threshold configured by eNB, the UE does not need to monitor paging message in the paging occasion.
Proposal 11: For a dedicated PUR UE, when PUR USS in time domain overlaps with paging transmission window(PTW), the UE does not need to monitor paging message in the PTW.
Skipping UL transmission 

If PUR skipping is enabled, no signal is transmitted by UE in the skipped PUR. eNB can determine whether the PUR is a skipped PUR or not by eNB’s implementation, such as the energy accumulation of the received signals in the PUR resources. Moreover, if the PUR is determined as a skipped PUR by eNB, neither HARQ-ACK nor UL grant for PUR retransmission will be sent.

Despite it is a small probability event that a skipped PUR is incorrectly detected as a normal PUR by eNB, but once it happens, UL grant for PUR retransmission will be sent on NPDCCH by eNB.Since the PUR is skipped in fact by UE, the UE will not monitor the corresponding NPDCCH, thus PUR retransmission resources that is allocated on the NPDCCH will not be used by the UE. Based on the decoding of the PUR retransmission, eNB will realize that the determination of the skipped PUR is wrong, and eNB will not schedule UL grant on NPDCCH for the PUR retransmission any more. It can be seen that though eNB makes a mistake it has a relatively small impact on eNB and has no impact on UE during PUR transmission.
Proposal 12: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.

In order to maintain the flexibility of PUR skipping mechanism, an indicator configured by eNB  is suggested to indicate whether PUR skipping is enabled or not.
Proposal 13: An indicator configured by eNB is used to indicate whether PUR skipping is enabled or not.

If PUR skipping is not enabled by eNB, a predefined block of bits is transmitted on the PUR when UE has no UL data to transmit on PUR. 

Proposal 14: If PUR skipping is not enabled by eNB, a predefined block of bits is transmitted on the PUR when UE has no UL data to transmit on PUR.
HARQ

ACK

For NB-IoT DCI format N0, the TB size is 24 bits and there is no available bit reserved in DCI format N0. Therefore, it is preferred that the existing field in DCI format N0 with a predefined value can be used for the indication of ACK feedback.

For example, in current specification, “Subcarrier indication” field is 6 bits and it is used to allocate subcarrier(s) for a UE. For NPUSCH transmission with subcarrier spacing[image: image8.png]
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is reserved. For NPUSCH transmission with subcarrier spacing[image: image12.png]
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) in DCI format N0 determines the set of contiguously allocated subcarriers ([image: image14.png]


) according to Table 1.
Table 1: Allocated subcarriers for NPUSCH with [image: image15.png]
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Based on the above analysis, there are enough reserved states in “Subcarrier indication” field, thus one of the reserved states can be used for the indication of ACK feedback.

Proposal 15: Existing field(s) in DCI format N0 with predefined value(s) can be used for the indication of ACK feedback.

If the DCI format N0 is use for the indication of ACK feedback, many other fields in the DCI could be set to zero. In order to make full use of these zero bits, for PUR, some of the zero bits can be used to carry additional PUR related information.

Since TA can be evaluated by eNB based on the successfully decoded UL data in PUR, timing advance adjustment can be sent in the DCI in which ACK is carried. 
Observation 15: TA can be evaluated by eNB based on the successfully decoded UL data in PUR.

Proposal 16: Timing advance adjustment can be sent in the DCI in which ACK is carried. 
NACK

If UE receives UL grant for PUR retransmission on NPDCCH, the UE can determine by default that the corresponding PUR transmission is unsuccessfully decoded by eNB. The UE will do PUR retransmission on NPUSCH scheduled by the UL grant.

In addition, if the load of uplink is heavy, eNB cannot allocate enough UL resource for each UE.In this case, a NACK can be sent to a PUR UE which means that the PUR transmission is unsuccessfully decoded and no PUR retransmission resources will be allocated. If the PUR UE receives the NACK, it shall stop PUR USS monitoring and determine the subsequent operation from the alternative operations listed bellow:
Alt 1:Fallback to RACH/EDT procedures
Alt 2:Stop PUR USS monitoring and wait for the next PUR resource for the subsequent PUR transmission
Proposal 17: If NACK is received on NPDCCH corresponding to a PUR transmission, UE shall stop PUR USS monitoring and determine the subsequent operation up to its implementation.
If PUR skipping is enabled, no signal is transmitted by UE in a skipped PUR. In this case, neither HARQ-ACK nor UL grant for PUR retransmission will be sent by eNB if the PUR is determined as a skipped PUR.
Observation 16: For a skipped PUR, eNB do not need to send any feedback to the UE.

Proposal 18: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect

· an UL GRANT for retransmission on the NPDCCH, or  

· a NACK, or

· no explicit ACK 

UE Tx power adjustment
In RAN1 #96 meeting, UE TX power adjustment is agreed to be updated after a PUR transmission. Taken into consideration that the work time of PUR maybe much longer, 
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Observation 17: UE TX power adjustment is used to adjust 
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In addition, if UE’s power headroom(PHR) can be achieved by eNB, the UE’s Tx power can be exactly adjusted based on the indication of PHR and some abnormal Tx power adjustment can be avoid.
For PUR transmission with higher coverage enhancement level, UE’s TX power may reach the maximum TX power, thus UE TX power adjustment is useless for these UEs. Therefore, it is necessary to support Repetition adjustment.

For PUR transmission with lower coverage enhancement level, repetition adjustment for NPUSCH can also help eNB to reduce the UE TX power which can reduce the interference to adjacent cells.

Proposal 19: In RRC_IDLE mode, repetition adjustment for NPUSCH can be updated after a PUR transmission.

Multi-TB grants

For dedicated PUR transmission in RRC_IDLE mode, in order to achieve the reliable transmission performance, higher modulation order and larger TBS is not recommended. Multi-TB grants is used for the dedicated PUR transmission when the TBS to be transmitted is much larger than the maximum TBS configured by eNB for single TB grant. If this case happens, NPUSCH transmission in RRC_CONNECTED mode is suggested to be used for the transmission of larger TBS.

Proposal 20: Multi-TB grants is not supported at least for dedicated PUR in RRC_IDLE mode.

3. Conclusions

In this contribution, we have the following observations and proposals.

Observation 1: NRSRP change is not linear with the change of distance from eNB and is affected by various factors .

Observation 2: PUR UE’s location at the time when TA was evaluated cannot be accurately estimated by eNB even with positioning enabled in certain scenario.

Observation 3: UE specific ∆RSRP validation threshold cannot be accurately configured by eNB.
Observation 4: For PUR transmission in RRC_IDLE mode, at least N(N>=0) NRSRP measurement intervals are existed before next PUR transmission when the TA was evaluated.
Observation 5: If the ∆NRSRP is not out of the value range in any of the N NRSRP measurement intervals, it proves that the UE is always nearby the UE’s initial location. Therefore, there exists a very high possibility that the TA is valid for the next PUR transmission.
Observation 6: Legacy RACH is not a preferred method for obtaining valid TA for PUR UE in RRC_IDLE mode when the TA is invalid.

Observation 7: When the PUR UE has data to send, dedicated PUR resource is preferred than EDT since the dedicated PUR resource is non-contention based.

Observation 8: If UL data is transmitted in EDT Msg3,the next PUR resources will be wasted.

Observation 9: Once TA is invalid, the subsequent dedicated PUR resources cannot be used for PUR transmission until TA is updated to valid.

Observation 10: If PUR transmission is happened during TA invalidation, the PUR transmission cannot be successfully decoded by eNB and this leads to the waste of PUR resource. 
Observation 11: If time-frequency resources of dedicated PUR allocated by eNB is large enough for carrying preamble, the preamble can be transmitted in the dedicated PUR resource for TA measurement when TA is invalid.
Observation 12: If preamble is transmitted in dedicated PUR resources, when TA is invalid, the waste of PUR resources is reduced and it can avoid the collision with the preambles transmitted in NPRACH.
Observation 13: The period of  legacy Type-2 CSS can not match PUR transmission period very well since the legacy Type-2 CSS is only used for NPDCCH during random access.

Observation 14: If legacy Type-2 CSS is used as PUR search space,  the Type-2 CSS NPDCCH repetition number  of a certain coverage enhancement level is redundant for the UE under good wireless channel situation in that coverage enhancement level.
Observation 15: TA can be evaluated by eNB based on the successfully decoded UL data in PUR.

Observation 16: For a skipped PUR, eNB do not need to send any feedback to the UE.

Observation 17: UE TX power adjustment is used to adjust 
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Proposal 1: For “Serving cell NRSRP changes” based TA validation mechanism, ∆NRSRP is defined as
                   ∆NRSRP = (latest NRSRP measurement) -  (NRSRP measurement when TA was evaluated last time)
Proposal 2: For evaluation of NRSRP for TA validation,

If abs(∆NRSRP)<=R1, (R1 is eNB configured RRC parameter), TA is valid for this NRSRP measurement
Proposal 3: For “Serving cell NRSRP changes” based TA validation mechanism, the number of ∆NRSRP calculation result per PUR period, M, can be configured by eNB.
· When M>1, if at least one ∆NRSRP calculation result satisfies abs(∆NRSRP)>R1 , (R1 is eNB configured RRC parameter), TA is invalid.
Proposal 4: For TA Timer based TA validation mechanism, validation instant   is at least X ms before next PUR transmission. X is eNB configured RRC parameter.
Proposal 5: When the TA is validated and found to be invalid and the UE has data to send, a simplified legacy contention based random access procedure can be used for only obtaining TA.

Proposal 6: Non-contention based preamble can be configured in PUR configuration.

Proposal 7: Preamble can be transmitted on the PUR resource when TA is invalid.

Proposal 8: PUR USS is supported for dedicated PUR.

Proposal 9: When eNB finds the UE’s TA is invalid, PDCCH order can be sent in PUR USS for triggering non-contention based random access in order to obtain TA.
Proposal 10: The starting position of PUR USS is based on the position of PUR resources in time domain.
Proposal 11: For a dedicated PUR UE, when PUR USS in time domain overlaps with paging transmission window(PTW), the UE does not need to monitor paging message in the PTW.
Proposal 12: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.

Proposal 13: An indicator configured by eNB is used to indicate whether PUR skipping is enabled or not.

Proposal 14: If PUR skipping is not enabled by eNB, a predefined block of bits is transmitted on the PUR when UE has no UL data to transmit on PUR.
Proposal 15: Existing field(s) in DCI format N0 with predefined value(s) can be used for the indication of ACK feedback.

Proposal 16: Timing advance adjustment can be sent in the DCI in which ACK is carried. 
Proposal 17: If NACK is received on NPDCCH corresponding to a PUR transmission, UE shall stop PUR USS monitoring and determine the subsequent operation up to its implementation.
Proposal 18: For dedicated PUR in idle mode, upon unsuccessful decoding by eNB of a PUR transmission, the UE can expect

· an UL GRANT for retransmission on the NPDCCH, or  

· a NACK, or

· no explicit ACK 

Proposal 19: In RRC_IDLE mode, repetition adjustment for NPUSCH can be updated after a PUR transmission.

Proposal 20: Multi-TB grants is not supported at least for dedicated PUR in RRC_IDLE mode.
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