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1. Introduction

This tdoc discusses the following open design issues:

· PUR L1 Ack Design
· Frequency Hopping

· Other RNTI’s to monitor

· CFS PUR

· Legacy feature support

· Potential PUR enhancements

2. PUR L1 ACK DCI
2.1. Content

The following agreements were made last meeting WRT what information the PUR L1 ACK DCI shall contain:

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

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.
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
Given the above agreements, the following information shall be included in the PUR L1 ACK DCI:

· L1 ACK FLAG

· Fall back to Legacy FLAG

· TA adjustment

· Repetition adjustment
But more could be added.
2.1.1. PUR SS Gap after ACK
The LS to RAN2 in R1-1911399, asked RAN2 the “feasibility and benefit of the above PUR L1 ACK indication” meaning this feasibility and benefits of this RAN1 proposal:
The PUR transmission is successful and UE may continue monitoring the PUR SS after a non-zero gap. The non-zero-gap is part of the PUR configuration. The value of the non-zero gap will be decided by RAN2.

The issue is that RAN1 needs to finish the WI this meeting so we can’t wait for the RAN2 LS response.  Sierra suggest we try and make a working assumption for now so the DCI can be designed and if the RAN2 replies that is it not feasible or beneficial, we revert the working assumption. 

Sierra’s RAN2 paper R2-1915751 describes how this proposal is  both feasible and beneficial in detail. In summary, if the application expects application data to follow (e.g. an application ACK), the application can request the gap length it needs, otherwise the gap can be set by the eNB.  The key is that the choice of the gap doesn’t need to be perfect: 

· If the gap is set too small – the UE wakes up early and less battery power is saved 

· If the gap is set too large – the eNB buffers the response and latency is increased

Given the above discussion, the following WA is proposed:

Proposal 1:   Working assumption:

The PUR L1 ACK DCI shall contain a  flag to indicate that the PUR transmission is successful and the UE shall continue to monitor the PUR SS after a gap. The value of gap is in the PUR configuration. The value of the gap will be decided by RAN2.

· Note: This WA is confirmed if the RAN2 reply LS states that this proposal is beneficial and feasible and is reverted if the RAN2 reply LS states that this proposal is not beneficial or is not feasible.
2.2. Design
Assuming the above WA is agreed, the following list of information needs to be included in the PUR L1 ACK DCI:

· L1 ACK FLAG

· Fall back to Legacy FLAG

· TA adjustment

· Repetition adjustment
· WA: L1 ACK + continue to monitor PUR SS after gap FLAG

2.2.1. Differentiated from an UL Grant

Issue:  How does the UE differentiate a PUR L1 ACK DCI from an UL Grant?
Discussion: 
The NDI could be used since the UE would not expect any UL grants for new data after a PUR transmission only UL grants for re-transmissions or DL grants. So then, NDI=1 could indicated a PUR L1 ACK ACK and NDI=0 could indicate legacy behavior (e.g. UL grant for retransmission).  When the NDI=1 for ACK, many of the fields can be re-purposed. Assuming format 6-0B, using this NDI field method, the PUR ACK will allow these fields to be re-purposed for PUR L1 ACK data mentioned above:

· PRB Resource block assignment – 3 bits (4 bits sub-PRB)
· MCS – 4 bits (3 bits sub-PRB)
· Repetition number – 3 bits

· HARQ process number – 1 bits

· Flag for sub-PRB resource allocation – 1 bit (Only with Sub-PRB)
· Number of resource units – 1 bit (Only with Sub-PRB)
· DCI subframe repetition number – 2 bits (might not be usable)
Total = 11 usable bits
Care must be taken that the UE only looks for L1 PUR ACK DCI’s when UL grants for new data are not possible which would be after PUR (re-)transmissions and before DL Grants. Once the UE receives a DL Grant or an L1 PUR ACK, then the L1 PUR ACK DCI’s can no longer be sent by the eNB as these can then be confused with new data UL grants.  
Proposal 2:   To indicate an L1 PUR ACK DCI, NDI=1 in format 6-0A/B.
The UE can assume an L1 PUR ACK DCI is only sent after PUR (re-)transmission(s) and before  DL grants. 
2.2.2. Size of Fields
Issue: What fields should be joint coded and what is the size of each field?
Discussion:

In legacy operation, the  TA value is 6-bits and Repetition number field is 3 bits for CE mode B. If the three FLAGS are separately indicated, then 3 bits are needed. This would result in a total of 12 bits.  
· TA value  – 6 bits

· Repetition value– 3 bits

· ACK FLAG – 1 bit

· Fall back to Legacy FLAG – 1 bit

· WA: ACK + continue to monitor PURSS after gap FLAG – 1 bit

Total = 12 bits

This would not fit in the 11 bits available, so some optimization is needed. Some optimizations to consider are:
· Combine “ACK FLAG” and “Fall back to Legacy FLAG” into 1 bit - recommended
· Repetition adjustment from 3 to 2 bits – recommended

· Reduce TA adjustment from 6 to 3 bits – recommended
· Joint code everything – not recommended  and not needed.
With the recommended suggestions, the size goes from 12-bits to 7-bits which easily fits in the DCI with room for future expansion.
2.2.3. CE Mode B design

As mentioned above, the possible DCI fields that can be repurposed for CE Mode B are:

· PRB assignment – 3 bits

· Repetition number – 3 bits

· MCS – 4 bits (3 bits sub-PRB)
· HARQ process number – 1 bits

Since the MCS size is different for full vs sub-PRB, repurposing that field would be complex so these fields should be re-purposed to provide exactly the 7 bits needed
· PRB assignment – 3 bits

· Repetition number – 3 bits

· HARQ process number – 1 bits

Given the above discussion the following proposal is made:
Proposal 3:   When PUR L1 ACK DCI is indicated in DCI format 6-0B:
· The PRB assignment field, repetition number field, and WA: (HARQ process number field) are repurposed as:

· “ACK FLAG” and “Fall back to Legacy FLAG” - 1 bit 

· Repetition adjustment 2 bits –  [-1 0 1 2] adjustments from Table 8-2c: PUSCH repetition levels in TS 36.213

· TA adjustment 3 bits –  [-7 to +8]

· WA: ACK + continue to monitor PUR SS after gap FLAG – 1 bit

· All other fields are ignored

2.2.4. CE Mode A design

For CE Mode A format 6-0A, there are more fields that can be repurposed:

· Frequency hopping flag – 1 bit

· Modulation and coding scheme – 3 or 4 bits

· Repetition number – 2 or 3 bits

· HARQ process number – 3 bits

· Redundancy version – 2 bits

· TPC command for scheduled PUSCH – 2 bits

· SRS request –1 bit

Since the Repetition number field changes when ce-pdschpuschEnhancement-configis is enabled, the simplest implementation is to reuse this field as per legacy procedures. 
It’s good to pick fields which do not vary in size depending on features enabled so these fields can be re-purposed to provide the remaining 5 bits.

· HARQ process number – 3 bits

· Redundancy version – 2 bits
Proposal 4:   When PUR L1 ACK DCI is indicated in DCI format 6-0A:
· The HARQ process number and redundancy version fields are repurposed as:

· “ACK FLAG” and “Fall back to Legacy FLAG” - 1 bit 

· TA adjustment 3 bits –  [-7 to +8]

· WA: ACK + continue to monitor PUR SS after gap FLAG – 1 bit

· The Repetition number field provides the Repetition adjustment using the legacy format 

· All other fields are ignored

3. Frequency Hopping

Issue: The following agreement was made but the FFS is unresolved:
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

Discussion:
If the initial PUR transmission has frequency hopping enable, then frequency hopping should remain enabled for re-transmissions. The frequency hopping flag in the UL grant DCI in CE Mode A shall still provide the same dynamic ability to do UL grant with and without frequency hopping.
Proposal 5:   PUR retransmissions shall follow the same frequency hopping configuration as the initial PUR transmission.

4. Other RNTI’s to monitor
Issue: The following agreement was made but the FFS is unresolved:
For dedicated PUR
· During the PUR search space monitoring, the UE monitors for DCI scrambled with a RNTI assuming that the RNTI is not shared with any other UE

· Note: It is up to RAN2 to decide how the RNTI is signaled to UE or derived

· FFS if the UE monitors any additional RNTI which may be shared with other UEs.

Discussion:
P-RNTI

Since the UE is technically still in idle while monitor the PUR SS, the UE maybe page using the P-RNTI, so P-RNTI also need to be monitored. However, since this is legacy idle mode procedures, a RAN1 agreement is not necessary. 

SI-RNTI

Since UE is technically still in idle while monitor the PUR SS, the UE is required to monitor SI-RNTI to see if any SI changes occur, so SI-RNTI also need to be monitored. However, since this is legacy idle mode procedures, a RAN1 agreement is not necessary. 

G-RNTI and SC-RNTI
These RNTI’s are used for dynamically scheduled SC-PTM transmissions and control information so a UE that is using SC-PTM would also need to monitor these RNTI’s. Since this is legacy idle mode procedures, a RAN1 agreement is not necessary. 

Although there is no need to make RAN1 agreements to support the monitoring of these other RNTI’s, RAN1 could decide the UE priority if the narrowbands needed to monitor these other RNTI’s do not overlap with the PUR SS narrowband. 

Observation 1: RNTI priority monitoring could be specified in RAN1
5. CFS PUR
The following WA WRT to CFS PUR was made:
Working assumption 

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 WA should be confirmed with some changes: 
Proposal 6:   Agree to the WA with the following changes in RED
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 (e.g., symbol-wise phase rotation).  
· FFS: whether any enhancement on top of legacy scrambling is needed
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.
Note 3: It needs to be discussed how to ACK and to provide UL grant to UEs that transmitted simultaneously using CFS-PUR.

6. Legacy Feature Support

Issue: Which legacy features should be supported with PUR?

Discussion: Considering the following legacy features:

· Multi-cast support

· New numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A

· 2984 bits max UL TBS in 1.4 MHz in CE mode A

· 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B:

· PUSCH sub-PRB allocation in CE mode A/B

· 64QAM for non-repeated unicast PDSCH in CE mode A

· Flexible starting PRB for PDSCH/PUSCH in CE mode A/B

· Early PUSCH termination 

· Dynamic HARQ-ACK delay for HD-FDD in CE mode A

· HARQ-ACK bundling in HD-FDD in CE mode A

· 10 downlink HARQ processes in FDD in CE mode A

All of the above features should be supported with PUR except:

· HARQ-ACK bundling in HD-FDD in CE mode A

7. Potential PUR Enhancements

This section contains possible PUR enhancements.
7.1. Multi-TB Grant (MTBG)

Issue: Should MTBG be supported with PUR.

Discussion: 

Supporting MTBG together with PUR  is VERY useful to support applications that want to send data more than the max TBS (1000 or 2984).  If the UE supports the larger TBS feature, this would allow up to 2984 bits but this is only useful in very good coverage as the code rate is very high when 2984 is sent. More importantly, not all of the TB is available for application use. For example, these are very typical fields needed:

· 207 bits 
CP NAS header (144 bits), RRC(55 bits), and MAC headers(8 bits) from [1] R2-1803007
· 224bits 
IPv4/UDP header = 28bytes

· 64 bits 
Device ID/Version 

· 256 bits 
Security nonce  (for reply protection) – assumes infrequent re-keying
· 256 bits
Message authentication code – assumes infrequent re-keying
Total overhead 1007 bits

Thus, at 1000bits TBS  there is NO ROOM for application information (e.g. sensors readings)!!
Observation 2: Cellular  and security overhead of 1007 bits is common, thus supporting larger PUR message sizes is important. 

Supporting MTBG with PUR will help support larger message sizes and only requires one additional RAN1 agreement and should not impact RAN2 except that the available message sizes the application can request increases by #_PUR_HARQS*MaxTBS with MTBG is enabled.
The only RAN1 agreement needed will be WRT to the PUR L1 ACK DCI, in that the eNB only sends and indicates “ACK”, after ALL the TB in the MTBG have been successfully decoded. 

Proposal 7:   When MTBG is enabled, the PUR L1 ACK DCI indicated successful decoding  is sent after all the TB in the MTBG have been successfully decoded.

7.2. New TA Update Mechanisms

Issue: Currently the only agreed way to update an invalid TA is via legacy EDT and RA procedures. Whether more procedures are necessary is an open issue.

Discussion: Some previous tdocs discuss a new simplified RACH procedure. This method requires a new UE-specific PRACH resource to be assigned to each UE where the eNB can then update PUR configurations in an optimized RAR when it detects the UE-specific PRACH. The advantage of this approach is that the data can still be sent on the PUR and this takes less resources than legacy RACH/EDT. The disadvantage is that there is a fair bit of specification work required and it is unclear how unique PRACHs can be assigned to every UE and still be scalable to millions of UEs. Given the uncertainties of how this will scale and the large specification impact, this should not be specified.

Proposal 8:   No new methods to update an invalid TA shall be specified in Rel 16
8. Conclusions

Proposal 9:   Working assumption:

The PUR L1 ACK DCI shall contain a  flag to indicate that the PUR transmission is successful and the UE shall continue to monitor the PUR SS after a gap. The value of gap is in the PUR configuration. The value of the gap will be decided by RAN2.

· Note: This WA is confirmed if the RAN2 reply LS states that this proposal is beneficial and feasible and is reverted if the RAN2 reply LS states that this proposal is not beneficial or is not feasible.

Proposal 10:   To indicate an L1 PUR ACK DCI, NDI=1 in format 6-0A/B.
The UE can assume an L1 PUR ACK DCI is only sent after PUR (re-)transmission(s) and before  DL grants. 
Proposal 11:   When PUR L1 ACK DCI is indicated in DCI format 6-0B:
· The PRB assignment field, repetition number field, and WA: (HARQ process number field) are repurposed as:

· “ACK FLAG” and “Fall back to Legacy FLAG” - 1 bit 

· Repetition adjustment 2 bits –  [-1 0 1 2] adjustments from Table 8-2c: PUSCH repetition levels in TS 36.213

· TA adjustment 3 bits –  [-7 to +8]

· WA: ACK + continue to monitor PUR SS after gap FLAG – 1 bit

· All other fields are ignored

Proposal 12:   When PUR L1 ACK DCI is indicated in DCI format 6-0A:
· The HARQ process number and redundancy version fields are repurposed as:

· “ACK FLAG” and “Fall back to Legacy FLAG” - 1 bit 

· TA adjustment 3 bits –  [-7 to +8]

· WA: ACK + continue to monitor PUR SS after gap FLAG – 1 bit

· The Repetition number field provides the Repetition adjustment using the legacy format 

· All other fields are ignored

Proposal 13:   PUR retransmissions shall follow the same frequency hopping configuration as the initial PUR transmission.

Observation 3: RNTI priority monitoring could be specified in RAN1

Proposal 14:   Agree to the WA with the following changes in RED
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 (e.g., symbol-wise phase rotation).  
· FFS: whether any enhancement on top of legacy scrambling is needed
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.
Note 3: It needs to be discussed how to ACK and to provide UL grant to UEs that transmitted simultaneously using CFS-PUR.

Observation 4: Cellular  and security overhead of 1007 bits is common, thus supporting larger PUR message sizes is important. 

Proposal 15:   When MTBG is enabled, the PUR L1 ACK DCI indicated successful decoding  is sent after all the TB in the MTBG have been successfully decoded.

Proposal 16:   No new methods to update an invalid TA shall be specified in Rel 16
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