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1. Introduction

In Rel-16, agreements on support of transmission in preconfigured UL resources for eMTC are listed in [1]. 

However, there is still no consensus on some issues, such as the support of PDCCH order, Paging MPDCCH monitoring for PUR UE. In this contribution the above issues are further discussed. Furthermore, some issues that may have impact on PUR transmission performance are also discussed in this contribution.
2. Discussion

Support of PDCCH order 
For eMTC, DCI format 6-1A/B carried in MPDCCH of PUR search space is used for the operation of PUR. Furthermore, in legacy system DCI Format 6-1A/B can be used as PDCCH order to initiate random access procedure. That is to say, for PUR, random access procedure can also be initiated by PDCCH order in DCI format 6-1A/B without any modification.

Observation 1: Current DCI format 6-1A/B can be used to support PDCCH order without any field change.

For PUR in RRC_IDLE mode, if eNB found that the TA of UE is invalid, the eNB can only indicate the UE to do fallback operation by using “ACK or Fallback indicator” in DCI format 6-0A/B, and then contention-based random access procedure or EDT can be triggered by the UE, the eNB can update the TA of UE in RAR. 

· If legacy contention-based random access procedure is triggered, the UE need to enter RRC_CONNECTED mode firstly, and then fallback to RRC_IDLE mode to use the PUR resources for PUR transmission if necessary. The above operation may cause the increase of UE power consumption and the latency of updating TA maybe much larger. Since there exists a risk of preamble collision, if it happens, the latency of updating TA will be much larger and UE power consumption is certainly increased.
· If EDT procedure is triggered, the eNB can update the TA of UE in RAR  and PUR data can be transmitted in Msg3. The eNB can make the UE stay in RRC_IDLE mode through RRC message RRCConnectionReject. However,the TB size of PUR should be smaller than the maximum TB size of EDT. Otherwise, the EDT procedure can not work.The risk of preamble collision still exists.

Compared with the above two methods for updating TA of UE, PDCCH order based non-contention based random access procedure have the following advantages:

(1) Non-contention based preamble 

Preamble collision will not appear, so the latency for updating TA is much shorter than the above two method;

(2) No signaling interaction between eNB and UE for making the UE stay in RRC_IDLE mode
It can save the signaling overhead and UE power consumption.

(3) No max TB size constraint as EDT has.
Thus, for D-PUR in IDLE mode, PDCCH order is supported and is used to trigger (non)contention-based random access procedure by eNB .
Proposal 1: For D-PUR in IDLE mode, PDCCH order is supported and is used to trigger non-contention-based random access procedure by eNB .

Proposal 2: Adopt the text proposal on 36.212 listed in Appendix
Paging MPDCCH monitoring

After UL data has been transmitted in the PUR resources, the UE shall monitor MPDCCH identified by PUR C-RNTI in the PUR response window using timer pur-ResponseWindowTimer, which starts at the subframe that contains the end of the corresponding PUSCH transmission, plus 4 subframes and has the length pur-ResponseWindowSize. 

When one of the following conditions are met, the PUR transmission is considered to be completed. 

(1) If PDCCH indicates L1 ACK for PUR or if upper layers indicate successful PUR transmission;

(2) If the pur-ResponseWindowTimer expires, the UE considers the PUR transmission has failed.
Additional, in RRC_IDLE mode the UE shall monitor MPDCCH identified by P-RNTI  in the configured Paging Occasion(s) of Type1-MPDCCH common search space in order to receive the Paging MPDCCH.
In this section, some further discussion on the monitoring of paging MPDCCH for PUR UE are given.

· For Half Duplex Category M1 UE

If WUS(if configured) and Paging occasion(s) of a PUR UE is configured in a time window which starts from the first subframe allocated for PUR transmission and end up with the time at which the PUR transmission procedure is considered to be completed, the PUR related transmission /monitoring including UL (re)transmission using the PUR resources and MPDCCH monitoring in the PUR search space is prioritized considering the following reasons:

(1) In RAN2 #108 meeting, an agreement on paging MPDCCH monitoring is made in [2] as following:

If paging and PUR transmission opportunity collide, PUR transmission is prioritized.
(2) Type1-MPDCCH common search space and PUR search space maybe configured in different narrowbands;

In this case, the UE should handover between different narrowbands frequently for MPDCCH monitoring. It will increase the operation complexity of MPDCCH monitoring obviously.

(3) If Paging occasion(s) of the PUR UE is configured in the time window mentioned above, the eNB can send the DL information via PDSCH which is scheduled by DL grant via MPDCCH in PUR search space instead of using Paging procedure.

Proposal 3: For half duplex Category M1 UE, if WUS(if configured) and Paging occasion(s) is configured in a time window which starts from the first subframe allocated for PUR transmission and ends at the subframe at which the PUR transmission procedure is considered to be completed, the PUR related transmission /monitoring including UL (re)transmission using the PUR resources and MPDCCH monitoring in the PUR search space is prioritized

If Paging occasion(s) are partial overlapped with the time window, the PUR UE shall monitor the corresponding WUS(if configured) and MPDCCH candidate(s) in the non-overlapped Paging occasion(s) since SI request may be transmitted in the corresponding MPDCCH

Proposal 4:For half duplex Category M1 UE, if Paging occasion(s) are partial overlapped with a time window which starts from the first subframe allocated for PUR transmission and end up with the time at which the PUR transmission procedure is considered to be completed, the UE shall monitor corresponding WUS(if configured) and MPDCCH candidate(s) in the Paging occasion(s) that is not overlapped with the time window.

If PDSCH scheduled by MPDCCH in the Paging occasion is overlapped with the time window, the PUR related transmission /monitoring including UL (re)transmission using the PUR resources and MPDCCH monitoring in the PUR search space is prioritized. 

Proposal 5: For half duplex Category M1 UE, if PDSCH scheduled by MPDCCH in the Paging occasion is overlapped with a time window which starts from the first subframe allocated for PUR transmission and end up with the time at which the PUR transmission procedure is considered to be completed,, the PUR related transmission /monitoring including UL (re)transmission using the PUR resources and MPDCCH monitoring in the PUR search space is prioritized. 
· For Full Duplex Category M1 UE

If WUS(if configured) and Paging occasion(s) of a PUR UE is overlapped with the PUR search space, the MPDCCH monitoring in PUR search space is prioritized considering the following reasons:

(1) In RAN2 #108 meeting, an agreement on paging MPDCCH monitoring is made in [2] as following:

If paging and PUR transmission opportunity collide, PUR transmission is prioritized.
(2) Type1-MPDCCH common search space and PUR search space maybe configured in different narrowbands;

In this case, the UE should handover between the two narrowbands frequently for MPDCCH monitoring. It will increase the operation complexity of MPDCCH monitoring obviously.

(3) If Paging occasion(s) of the PUR UE is overlapped with the PUR search space, the eNB can send the DL information via PDSCH which is scheduled by DL grant via MPDCCH in PUR search space instead of using Paging procedure.

Proposal 6: For full duplex Category M1 UE, if WUS(if configured) and Paging occasion(s) is overlapped with PUR search space, the MPDCCH monitoring in the PUR search space is prioritized

 If Paging occasion(s) are partial overlapped with the PUR search space, the PUR UE shall monitor the corresponding WUS(if configured) and MPDCCH candidate(s) in the non-overlapped Paging occasion(s) since the SI request may be transmitted in the corresponding MPDCCH.

Proposal 7:For full duplex Category M1 UE, if Paging occasion(s) are partial overlapped with the PUR search space, the UE shall monitor corresponding WUS(if configured) and MPDCCH candidate(s) in the non-overlapped Paging occasion(s).

If PDSCH scheduled by MPDCCH in the Paging occasion is overlapped with the PUR search space, the MPDCCH monitoring in PUR search space is prioritized. If the PDSCH and PUR search space are configured in same narrowband, UE can decode the PDSCH.
Proposal 8: For full duplex Category M1 UE, if PDSCH scheduled by MPDCCH in the Paging occasion is overlapped with the PUR search space, the MPDCCH monitoring in the PUR search space is prioritized. 
ACK feedback for PUR ACK DCI

In RAN2#108 meeting, a LS is approved in [3], in which RAN2 notes RAN1#96 agreement “After data transmission on PUR, if nothing is received by the UE in a time period, the UE shall fallback to legacy RACH/EDT procedure.” contradicts with RAN2#107 agreement. RAN2 reconfirms the RAN2#107 agreement “Fallback after D-PUR transmission is not successful is not specified i.e. it is up to UE implementation to initiate legacy RA, MO-EDT or wait for next D-PUR occasion”.

Based on the above agreement, if PUR ACK DCI carrying PUSCH repetition adjustment and Timing advance adjustment has been sent by eNB but is not successfully received by PUR UE, the PUR UE can choose to wait for next D-PUR occasion. Since the PUR UE is not aware of the updated TA and  PUSCH repetition number, the PUR transmission in the next D-PUR occasion will not be successfully decoded by the eNB. It will cause  increase of UE power consumption and waste of PUR resources.  .
The problem can be solved if UE is required to send ACK for the PUR ACK DCI. If eNB receives the UE ACK, eNB knows the PUR ACK DCI is successfully received by the UE. Otherwise, the eNB knows the UE may miss the PUR ACK DCI.
Note for Semi-Persistent Scheduling(SPS) in LTE, ACK feedback can be sent via PUCCH by the UE to eNB for confirming that the PDCCH with downlink SPS release information is successfully received. Similar ACK feedback mechanism for PUR ACK DCI should be supported. 

Proposal 9: For D-PUR in IDLE mode, ACK feedback mechanism for PUR ACK DCI via PUCCH is supported.
UL gap for PUR

In order to solve the problem of frequency drift in UL transmission caused by the low cost crystal oscillations, UL Gap is introduced in Rel-13 eMTC and is enabled by ue-CE-NeedULGaps, during the UL Gap the UE can correct the frequency drift by its implementation. Considering that PUR data is also transmitted on PUSCH in RRC_IDLE mode, UL Gap should also be supported for PUR and the ue-CE-NeedULGaps can also be used for the enabling of UL Gap for PUR.
Proposal 10 :UL Gap is supported for D-PUR transmission in RRC_IDLE mode. 

·  ue-CE-NeedULGap is reused for the enabling of UL Gap for PUR
3. Conclusions

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

Observation 1: Current DCI format 6-1A/B can be used to support PDCCH order without any field change

Proposal 1: For D-PUR in IDLE mode, PDCCH order is supported and is used to trigger non-contention-based random access procedure by eNB .

Proposal 2: Adopt the text proposal on 36.212 listed in Appendix
Proposal 3: For half duplex Category M1 UE, if WUS(if configured) and Paging occasion(s) is configured in a time window which starts from the first subframe allocated for PUR transmission and ends at the subframe at which the PUR transmission procedure is considered to be completed, the PUR related transmission /monitoring including UL (re)transmission using the PUR resources and MPDCCH monitoring in the PUR search space is prioritized

Proposal 4:For half duplex Category M1 UE, if Paging occasion(s) are partial overlapped with a time window which starts from the first subframe allocated for PUR transmission and end up with the time at which the PUR transmission procedure is considered to be completed, the UE shall monitor corresponding WUS(if configured) and MPDCCH candidate(s) in the Paging occasion(s) that is not overlapped with the time window.

Proposal 5: For half duplex Category M1 UE, if PDSCH scheduled by MPDCCH in the Paging occasion is overlapped with a time window which starts from the first subframe allocated for PUR transmission and end up with the time at which the PUR transmission procedure is considered to be completed,, the PUR related transmission /monitoring including UL (re)transmission using the PUR resources and MPDCCH monitoring in the PUR search space is prioritized. 
Proposal 6: For full duplex Category M1 UE, if WUS(if configured) and Paging occasion(s) is overlapped with PUR search space, the MPDCCH monitoring in the PUR search space is prioritized

Proposal 7:For full duplex Category M1 UE, if Paging occasion(s) are partial overlapped with the PUR search space, the UE shall monitor corresponding WUS(if configured) and MPDCCH candidate(s) in the non-overlapped Paging occasion(s).

Proposal 8: For full duplex Category M1 UE, if PDSCH scheduled by MPDCCH in the Paging occasion is overlapped with the PUR search space, the MPDCCH monitoring in the PUR search space is prioritized. 
Proposal 9: For D-PUR in IDLE mode, ACK feedback mechanism for PUR ACK DCI via PUCCH is supported.
Proposal 10 :UL Gap is supported for D-PUR transmission in RRC_IDLE mode. 

·  ue-CE-NeedULGap is reused for the enabling of UL Gap for PUR
4. Appendix
Text proposal on 36.212:

5.3.3.1.12
Format 6-1A

<Unchanged parts are omitted>
Format 6-1A is used for random access procedure initiated by a PDCCH order only if format 6-1A CRC is scrambled with C-RNTI or PUR-RNTI and all the remaining fields are set as follows:

-
Resource block assignment – [image: image1.wmf]ú
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+5 bits, where all bits shall be set to 1

-
Preamble Index – 6 bits

-
PRACH Mask Index – 4 bits, [5]

-
Starting CE level – 2 bits provide the PRACH starting CE level as defined in [5]

-
All the remaining bits in format 6-1A for compact scheduling assignment of one PDSCH codeword are set to zero

<Unchanged parts are omitted>
5.3.3.1.13
Format 6-1B

<Unchanged parts are omitted>
Format 6-1B is used for random access procedure initiated by a PDCCH order only if format 6-1B CRC is scrambled with C-RNTI or PUR-RNTI and all the remaining fields are set as follows:

-
Reserved bits – [image: image2.wmf]ú
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+2 bits, where all bits shall be set to 1

-
Preamble Index – 6 bits

-
PRACH Mask Index – 4 bits [5]

-
Starting CE level – 2 bits provide the PRACH starting CE level as defined in [5]

-
All the remaining bits in format 6-1B for compact scheduling assignment of one PDSCH codeword are set to zero

<Unchanged parts are omitted>
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