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Introduction

In RAN1 #98bis meeting, we had the following working assumptions and agreements on support for transmission in preconfigured UL resources for MTC[1].

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

Agreement
For dedicated PUR in idle mode, the indication to fallback to EDT or RACH is included in the same DCI with PUR L1-ACK

If the UE receives an indication to fallback to EDT or RACH, the PUR transmission is considered not acknowledged

FFS: Whether this indication is jointly encoded with PUR L1-ACK

FFS: Whether to use L1-ACK flag

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

Agreement
For PUR HARQ re-transmissions in CE Mode B, the UE shall follow legacy connected mode power control procedures (i.e. the UE uses maximum TX power)

Agreement
For PUR power control in CE mode A, the TPC accumulation mechanism is reset for every PUR transmission

Agreement
Initialization of Yp,k is calculated using legacy MPDCCH UE-specific search space rules where the RNTI is the assigned PUR RNTI.

Agreement
For dedicated PUR in idle mode, the PUR configuration includes the following 

MPDCCH frequency hopping configuration 

PDSCH frequency hopping configuration 

FFS: PUSCH for PUR retransmission follows same configuration as initial PUR transmission

Agreement
The PUR configuration includes the PUCCH configuration

Details of configuration can be decided by RAN2

Agreements
The PUR L1 ACK DCI in CE Mode A and B should at least contain the following fields:

PUSCH repetition adjustment

FFS: details on adjustment
In this contribution, some issues about support for transmission in preconfigured UL resources for MTC are discussed.

Dedicated PUR

Non-PUR related data transmission via legacy EDT/RACH 
For PUR transmission in RRC_IDLE mode, in some cases the PUR UE may send non-PUR related data via legacy EDT or RACH process. In order to avoid the collision with PUR transmission, the non-PUR related data should not be transmitted at anytime. Some restrictions on the transmitting time of the non-PUR related data should be made as follows:
The UE should not send non-PUR related data via legacy RACH or EDT process when TA is valid and the time interval to the start point of the next PUR resource is less than X ms. The value of X is configured by eNB. That is to say, there is a time window with X ms before the start point of the next PUR resource during which the UE should not send non-PUR related data. If non-PUR related data is sent within the X ms window via legacy RACH or EDT process, the process may not be completed before the next PUR resource, and then the next PUR resource will be dropped by the UE. It will lead to the waste of PUR resource.

Once the PUR data has been transmitted, the UE expects to receive PUR related response message via MPDCCH in the PUR search space window, such as L1 ACK, DL grant for L2/L3 ACK, UL grant for retransmission. Only when ACK(L1 ACK or L2/L3 ACK) is received, the PUR UE can send non-PUR related data via legacy EDT or RACH process. Therefore, a time interval of Y ms after PUR transmission should be configured by eNB to protect that the PUR transmission procedure will not be interrupted, that is to say, within the Y ms window, the UE is not allowed to send non-PUR related data via legacy EDT or RACH process.  

Proposal 1: For dedicated PUR in RRC_IDLE mode, when TA is valid, a PUR UE should not send non-PUR related data via legacy EDT or RACH process within a time period which starts from X ms before a PUR resource and end in Y ms after the PUR resource. Wherein, X, Y are configured by eNB.
If the resources for non-PUR related data transmission via legacy EDT or RACH process collides with PUR resources, the UE shall not use the PUR resources for PUR transmission.
PUR search space
UE behaviour if noting is received after PUR retransmission

Regarding UE behaviour if nothing is received after PUR (re)transmission, it is different in the scenario of PUR initial transmission  and PUR retransmission based on the following reasons:

For initial PUR transmission, there are two reasons that can cause nothing received by the UE in a PUR search space window after PUR transmission, wherein, one reason is that PUR transmission is mistaken for a skipping PUR by eNB and thus the eNB will send nothing via MPDCCH in a PUR search space window, and another reason is that the MPDCCH corresponding to the PUR transmission is not detected by the UE due to the fast fading of channel or strong interference. The UE cannot know the real one from the two reasons listed above if nothing is received by the UE in a PUR search space window after PUR transmission. 

But for PUR retransmission, since the eNB has already identified the PUR is not a skipping PUR, the eNB should send UL grant for further PUR retransmission if the PUR retransmission is not successfully decoded. Otherwise, the eNB could send noting in the PUR search space window and when no UL grant for retransmission is received by UE in the PUR search space window, it is means that the PUR retransmission is successfully received by the eNB. This scheme is similar to the HARQ-ACK  feedback scheme for PUSCH transmission in RRC_CONNECTED mode. In RRC_CONNECTED mode, the eNB does not need to feedback ACK for PUSCH. When no UL grant for retransmission is received by UE, ACK is defaulted. 

Therefore, if nothing is received by the UE in the PUR search space window after PUR retransmission, the UE can assume that the PUR retransmission is successfully received.

Proposal 2: If nothing is received by the UE during the PUR search space window after PUR retransmission, the UE can assume that the PUR retransmission is successfully received.

Paging 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(CSS). Since PUR SS is a mandatory search space that PUR UE should monitor, PUR UE in RRC_IDLE mode should monitor at least 2 type of search space as follows:

Type1 CSS for Paging

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

In order to solve the problem, some optimized solutions can be considered. For example, the eNB can identify whether a paging UE is a PUR UE or not by checking ISMI or S-TMSI carried in paging message sent from MME. If the paging UE is a PUR UE and the PUR SS in time domain overlaps with the PTW, the eNB would send MPDCCH carrying a DL grant in PUR SS to the paging UE, where the DL grant is used to schedule PDSCH resources for DL data transmission for the paging UE. Therefore, when the PUR SS in time domain overlaps with the PTW, the UE does not need to monitor paging message in the PTW.
Proposal 3: For dedicated PUR in RRC_IDLE mode, when PUR SS in time domain overlaps with paging transmission window(PTW), the UE does not need to monitor paging message in the PTW.

DCI Payload

Indications carried in PUR L1 ACK DCI

In RAN1 #98bis meeting some indications, such as Timing Advance adjustment, PUSCH repetition adjustment, are agreed to be carried in PUR ACK DCI. In this section, the detailed value range of PUSCH repetition adjustment and more indications that are suitable to be carried in PUR ACK DCI are discussed. 

PUSCH repetition adjustment
The value of PUSCH repetition adjustment is agreed to be a delta value corresponding to a reference value. The PUSCH repetition number configured in PUR configuration is suggested to be the reference value since it is semi-statically configured by the eNB and the configured value will not be changed for quite a long time.

A 2-bit quantization field with 4 value {1/2, 1, 2, 4} is suggested to be used as PUSCH repetition adjustment. The corresponding adjustment value is {1/2*R，R，2*R，4*R} respectively, where R is PUSCH repetition number configured in PUR configuration.

Proposal 4: A 2-bit information field with 4 value {1/2, 1, 2, 4} is used as PUSCH repetition adjustment.

The corresponding adjustment value is {1/2*R，R，2*R，4*R} respectively, where R is PUSCH repetition number configured in PUR configuration.

Target UL power level (P_0) adjustment

In RAN1 #96bis meeting, it was agreed that Target UL power level (P_0) for the PUR transmission should be configured in PUR configuration. Considering 
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 is used as Tx power of PUSCH for CE mode B, Target UL power level (P_0) is only used for CE mode A. Taken into consideration that the active time of PUR transmission can be much longer, there exists multiple PUR transmission occasions. Target UL power level (P_0) configured in the PUR configuration may not be suitable for each PUR transmission occasion especially for the occasions which are far away from the time when the target UL power level (P_0) was configured. To solve the problem, a semi-static signaling should be used to update the target UL power level (P_0) to match the Tx power requirement of the subsequent PUR transmissions. RRC signaling, such as PUR (re)configuration can be used as the semi-static signaling, but since it is a RRC signaling, the signaling overhead is much higher than that of PHY signaling. So it is suggested that PHY signaling, such as L1 ACK DCI in PUR search space window, can be used to carry the updated information of the target UL power level (P_0). Though the updated information is carried in L1 ACK DCI, it is still a semi-static update scheme, because only when the PUR is successfully received, the updated  information can be carried in L1 ACK DCI..

Observation 1: Adjustment of target UL power level (P_0) can help UE in CE mode A optimize PUR transmission performance.

Considering PUSCH repetition adjustment has already supported and the performance gain obtained by Target UL power level adjustment or PUSCH repetition adjustment are nearly the same, so it is suggested that the Target UL power level (P_0) adjustment is only used for CE mode A with PUR repetition number equals to 1. A 2-bit quantization field with 4 value,{ -6dB, -3dB, 0dB, 3dB} is suggested to be used to quantize the target UL power level (P_0) adjustment.
Proposal 5: For CE mode A with PUR repetition number equals to 1, Target UL power level (P_0) adjustment is support to be transmitted in L1 ACK DCI in PUR search space window

Proposal 6: A 2-bit information field with 4 value,{ -6dB, -3dB, 0dB, 3dB} is used to quantize the target UL power level (P_0) adjustment.

PUR DCI design

Considering the indication to fallback to EDT or RACH is agreed to be included in the same DCI with PUR L1-ACK, there are at least four kind of DCI that the UE should distinguish when a DCI is received in PUR search space, such as UL grant for PUR retransmission,DL grant, fallback to EDT or RACH and L1 ACK DCI.

For L1 ACK DCI, NDI field in DCI format 6-0A/B can be used as the Flag to indicate L1 ACK DCI, that is to say, if NDI field is configured to “1”, it means the DCI is L1 ACK DCI and some indications, such as Timing Advance adjustment, PUSCH repetition adjustment, can be carried in L1 ACK DCI. Otherwise, it means the DCI is UL grant for PUR retransmission.
Proposal 7: For D-PUR in IDLE mode, NDI field in DCI format 6-0A/B can be used as the Flag to indicate L1 ACK DCI.
In legacy system, PDCCH order is used to trigger random access procedure(including non-contention or contention based random access) and is supported in DCI format 6-1A/B. For D-PUR in IDLE mode, since the procedure of fallback to EDT or RACH is the same as random access procedure, it is suggested that PDCCH order is supported for PUR and is used  to indicate the triggering of fallback to EDT or RACH.
Proposal 8: For D-PUR in IDLE mode, PDCCH order is supported and is used to indicate the triggering of fallback to EDT or RACH.
TA validation mechanism
TA validation decision time

For dedicated PUR in RRC_IDLE mode, it is suggested that TA validation should be completed at least Y subframes before the PUR allocation so that the UE can obtain a valid TA within the Y subframes via legacy RACH or EDT procedure when TA is found to be invalid. 

Moreover, if the time of completing TA validation is too early from the PUR allocation, it may cause that TA will be found to be invalid again at the transmitting time of the PUR allocation. So it is proposed that TA validation should be completed at most K subframes before the PUR allocation.

Based on the above analysis, the optimized scheme for TA validation decision is within a time period which is X subframes long and Y subframes before it’s PUR allocation, where X=K-Y.

Proposal 9: For dedicated PUR in idle mode, TA validation should be completed within a time period which is X subframes long and Y subframes before it’s PUR allocation.

X,Y are configured in PUR configuration.
UE behaviors when TA is invalid

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 PUR resources for TA estimation. Furthermore, if doing this the collision probability with legacy preamble(s) could be reduced since the PUR UE will not use legacy PRACH resource for preamble transmission. But not every allocated PUR resource can support the transmission of preamble since the time-frequency resource occupied by the preamble maybe larger than the allocated PUR resources. For MTC, if the allocated PUR resource is larger than 6PRBs, the preamble can be transmitted on the PUR resource when TA is invalid.
Proposal 10: Legacy preamble can be transmitted on the PUR resource when TA is invalid and the allocated PUR resource is larger than 6PRBs.

Skipping UL transmission 

Identification of skipped PUR

If PUR skipping is enabled, the UE will not send any signal via the skipped PUR resource. On the receiver side, eNB can identify whether the PUR is a skipped PUR by its implementation, such as by energy accumulation of the received reference signals transmitted on the PUR resources. Moreover, if the PUR is determined as a skipped PUR, neither HARQ-ACK nor UL grant for PUR retransmission will be sent by eNB.

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 via MPDCCH by eNB. Since the PUR is skipped in fact by UE, the UE will not monitor the corresponding MPDCCH, and the allocated resource for PUR retransmission will not be used by the UE. On the receiver side, according to the detection of the allocated resource, the eNB can find that the allocated resource is not used by the UE, and then the eNB realizes that a skipped PUR is detected as a normal PUR by mistake. So the eNB will not schedule UL grant via MPDCCH 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.

Observation 2: Even though the false detection of skipping PUR happens, the impact on procedure of PUR transmission is negligible.

Proposal 11: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.

Enabling Skipping PUR

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 12: 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. When the number of consecutive PUR transmission with the predefined block of bits is larger than a threshold configured by eNB, eNB assumes the UE does not use the PUR resources anymore and releases the PUR resources.

Proposal 13: If PUR skipping is not enabled, 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, when the number of consecutive PUR transmissions with the predefined block of bits is larger than a threshold configured by eNB,  eNB releases the PUR resources.

Shared PUR
The following working assumption has been agreed inRAN1 #98 meeting.

For eMTC full PRB allocation, for PUR with R>= [64 or 128] repetitions:

Allow for UE-specific cyclic shift ([2 or 4 or 8] cyclic shifts) for DMRS.

The number of PRBs that can be allocated to a UE are the same as in legacy (e.g., max 2PRBs can be allocated to a UE in CE Mode B)

For PUSCH scrambling, the baseline is the current c_init equation by using the configured PUR_RNTI. 

Companies are welcome to evaluate baseline c_init, alternative c_init (e.g. c_init for NPDSCH rotation sequence) equations, and other proposals. 

Note 1: The Working Assumption is also subject to the potential RAN2 and RAN4 specification impacts.

Note 2: It is transparent to a given UE whether the eNB is allocating other UEs in the same resource. 

This decision was taken based on only two company’s simulation results [2] [3], while it is important to note that there are other contributions showing problematic performance [4] [5]. For example, in [4] no performance gain was found using CFS based on simple eNB receiver. Also, it is proposed that the problem of performance degradation with power imbalance need to further studied. We also note the BLER error floor observed in [5] is also quite troubling. Another issue is the potential use case. From the proponent’s simulation it seems CFS only works for extreme coverage scenario, i.e. 64 or 128 repetitions. However, in this scenario, it would be more reasonable for the UE to use sub-PRB. With sub-PRB the DMRS performance could be problematic if CFS is used. Note the current DMRS design has only been verified without MU-MIMO.

In Figure 1 below we presented the evaluation of performance comparison of D-PUR and shared PUR. We see that with the agreed evaluation parameters, the performance of shared PUR deteriorates with the increase of UE number. Even for 2 UE case there is still a gap in the BLER performances with the D-PUR. We also note the BLER error floor is observed for the case of CFS.
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Figure 1: Performance comparison between D-PUR and CFS-PUR

Observation 3: The performance of shared PUR deteriorates with the increase of UE number. 
Observation 4: The performance of shared PUR has a gap in the BLER performances with the D-PUR
It is even far from clear the CFS-PUR will provide significant gain with practical deployment scenario.

Proposal 15: More verification is needed before confirming the working assumption.

The issue of PUSCH scrambling has been discussed during Rel-14 CR. It was decided no need to enhance the randomization property of the scrambling mechanism. This is also in part due to the non-synchronous characteristic of the uplink. Moreover, enhancement of PUSCH is outside the scope of this WID.

Proposal 16: No further change will be adopted for PUSCH scrambling enhancement in Rel-16.

Conclusions

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

Observation 1: Adjustment of target UL power level (P_0) can help UE in CE mode A optimize PUR transmission performance.

Observation 2: Even though the false detection of skipping PUR happens, the impact on procedure of PUR transmission is negligible.

Observation 3: The performance of shared PUR deteriorates with the increase of UE number. 
Observation 4: The performance of shared PUR has a gap in the BLER performances with the D-PUR
Proposal 1: For dedicated PUR in RRC_IDLE mode, when TA is valid, a PUR UE should not send non-PUR related data via legacy EDT or RACH process within a time period which starts from X ms before a PUR resource and end in Y ms after the PUR resource. Wherein, X, Y are configured by eNB.
If the resources for non-PUR related data transmission via legacy EDT or RACH process collides with PUR resources, the UE shall not use the PUR resources for PUR transmission.
Proposal 2: If nothing is received by the UE during the PUR search space window after PUR retransmission, the UE can assume that the PUR retransmission is successfully received.

Proposal 3: For dedicated PUR in RRC_IDLE mode, when PUR SS in time domain overlaps with paging transmission window(PTW), the UE does not need to monitor paging message in the PTW.

Proposal 4: A 2-bit information field with 4 value {1/2, 1, 2, 4} is used as PUSCH repetition adjustment.

The corresponding adjustment value is {1/2*R，R，2*R，4*R} respectively, where R is PUSCH repetition number configured in PUR configuration.

Proposal 5: For CE mode A with PUR repetition number equals to 1, Target UL power level (P_0) adjustment is support to be transmitted in L1 ACK DCI in PUR search space window

Proposal 6: A 2-bit information field with 4 value,{ -6dB, -3dB, 0dB, 3dB} is used to quantize the target UL power level (P_0) adjustment.

Proposal 7: For D-PUR in IDLE mode, NDI field in DCI format 6-0A/B can be used as the Flag to indicate L1 ACK DCI.
Proposal 8: For D-PUR in IDLE mode, PDCCH order is supported and is used to indicate the triggering of fallback to EDT or RACH.
Proposal 9: For dedicated PUR in idle mode, TA validation should be completed within a time period which is X subframes long and Y subframes before it’s PUR allocation.

X,Y are configured in PUR configuration.
Proposal 10: Legacy preamble can be transmitted on the PUR resource when TA is invalid and the allocated PUR resource is larger than 6PRBs.

Proposal 11: If dedicated PUR skipping is enabled, it is up to eNB’s implementation for the detection of PUR skipping.

Proposal 12: An indicator configured by eNB is used to indicate whether PUR skipping is enabled or not.

Proposal 13: If PUR skipping is not enabled, 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, when the number of consecutive PUR transmissions with the predefined block of bits is larger than a threshold configured by eNB,  eNB releases the PUR resources.

Proposal 15: More verification is needed before confirming the working assumption.

Proposal 16: No further change will be adopted for PUSCH scrambling enhancement in Rel-16.
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