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Introduction
In RANP#80, New WID on Rel-16 eMTC enhancements for LTE for improved UL transmission efficiency and/or UE power consumption:
· 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#98, the following agreements were made on the above objective:

Agreement
The following WA is confirmed:
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported
· FFS: Which PUR configurations and PUR parameters will be signaled via L1
· FFS: Definition of PUR configurations and PUR parameters

Agreement
The following WA is confirmed:
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.
· Note: The same RNTI may be used over non-overlapping time and/or frequency resources

Agreement
In idle mode, the PUR search space PRB pairs is configured between {2, 2+4, 4} PRBs and this configuration is in the PUR configuration.

Agreement
The PUR (re)configuration explicitly signals the CE mode which can only be changed via RRC signalling (i.e. not via L1 messages).

Agreement
For dedicated PUR in idle mode, the PUR MPDCCH candidates are derived using legacy USS rules where rmax= rmax-mPDCCH-PUR
· FFS: Initialization of Yp,k

Agreement
For dedicated PUR in idle mode and for HD-FDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission.
For dedicated PUR in idle mode and for FD-FDD/TDD UEs, the start of the PUR SS Window is 4 subframes after the end of the PUR transmission. 
· FFS whether/when the UE is monitoring for early termination during the PUR transmission 

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.
· FFS: Details on time period

Agreement
RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis
Timing advance adjustment (including TA adjustment of 0)
UE TX power adjustment 
PUSCH repetition adjustment
[bookmark: _Hlk16600562]Indication of PUR SS monitoring termination
Flag to indicate L1 ACK
None of the above (i.e. the legacy L1 ACK will be reused)
Note: No new indications will be considered.

Agreement
For PUR transmissions in a PUR allocation, the TX power is at least based on the estimated path loss and the configured Target UL Power Level (P_0).
· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)
For PUR HARQ re-transmissions in CE mode A, the TPC field in the UL grant is used to adjust the TX power
· FFS for CE mode B
· FFS whether to reset the TPC accumulation mechanism for every initial PUR transmission
· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

Agreement
The dedicated PUR ACK DCI at least allows for indicating implicitly or explicitly that the current PUR monitoring is terminated 
FFS: The dedicated PUR ACK DCI at least allows for indicating whether the UE continues monitoring the PUR search space after a gap (whether the gap is always zero or it can be zero)

Agreement
After data transmission on PUR, the UE may expect an explicit indication on MPDCCH for fallback to EDT or RACH

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.

PUR-Specific Contents of PUR L1 ACK DCI
Agreement
The following WA is confirmed:
In idle mode, updating PUR configurations and/or PUR parameters via L1 signalling after a PUR transmission is supported
· FFS: Which PUR configurations and PUR parameters will be signaled via L1
FFS: Definition of PUR configurations and PUR parameters
Agreement

RAN1 will downselect among the following indications for PUR L1 ACK in RAN1#98bis
Timing advance adjustment (including TA adjustment of 0)
UE TX power adjustment 
PUSCH repetition adjustment
Indication of PUR SS monitoring termination
Flag to indicate L1 ACK
None of the above (i.e. the legacy L1 ACK will be reused)
Note: No new indications will be considered.
Our views on some of the above parameters that may potentially be updated via DCI are as follows.
Timing Advance Adjustment

If the eNB can detect small timing advance errors, the PUR DCI should have a TA update field to enable the UE to correct for the TA mismatch, without needing to perform PDSCH decoding to read a MAC-CE. In facilitating this TA update via DCI, however, the following two considerations must be kept in mind:
1. Preventing fallacious accumulation of TA update: The TA update process should not have memory. In other words, if (e.g., due to eNB missing a PUR-PUSCH transmission) the eNB sends multiple successive DCIs with the same grant, the UE should not add the TA from all these DCIs at every step. 
2. Relaxed MPDCCH-to-PUSCH timeline requirements: Since the UE typically has a long time to apply a legacy TA command it receives via MAC-CE (), the usual  subframe gap (for HD-FDD) for MPDCCH-to-PUSCH may not be enough for the UE to apply the TA correction within that time. As a result, when there is a non-zero TA update that the UE is expected to apply, the UE may be allowed to transmit PUSCH on a relaxed timeline, to allow enough time for the application of the TA update.

In the light of the above discussion, we make the following proposals:
Proposal 1: Introduce a timing advance adjustment field in the PUR L1 ACK DCI.
Proposal 2: For potentially successive DCIs associated with the same PUR retransmission grant, the UE shall assume that the updated TA for retransmission is determined by adding the TA adjustment in the DCI only once to the TA of the initial PUR transmission.
Proposal 3: For a non-zero TA adjustment in the DCI associated with PUR transmission, consider a relaxed MPDCCH-to-PUSCH timeline with respect to legacy. FFS relaxed value.
UE TX power adjustment:
Agreement
For PUR HARQ re-transmissions in CE mode A, the TPC field in the UL grant is used to adjust the TX power
· FFS for CE mode B
· FFS whether to reset the TPC accumulation mechanism for every initial PUR transmission
· FFS:  if other power control parameters beyond Target UL Power Level (P_0) are needed (e.g. ramping step)

Proposal 4: Support the provision of power-ramping for PUR HARQ re-transmissions. FFS details. 

PUSCH Repetition Adjustment
We propose to have DCI signalling for repetition adjustments for initial PUR transmission as follows: since the UE is already configured with a certain number of PUSCH repetitions, it is our view that any “adjustment” should be related to this parameter at least. In that light, in the initial PUR configuration, the UE should be RRC configured with a set of repetitions in the set , where  depends on the initial number of PUR repetitions configured—. The DCI will then have a field to indicate one of these possibilities to update the number of PUSCH repetitions for the next PUR occasion. This is similar in spirit to how repetitions are configured for connected mode operation of BL/CE UEs—RRC configures the , and depending on that, the DCI signals an index pointing to the possibilities indexed per .  It is important to note that the design of the set  mentioned here should have at least one entry equal to —the original number of repetitions configured for PUR. However, unlike the philosophy of , the set  may also have values greater than , to cover for the possibility that the coverage of the UE may have deteriorated.
Proposal 5: For every initial PUR configuration with  repetitions, configure a repetition adjustment set  via RRC signalling for different values of , where  is always an element of the set . Indicate via DCI, the adjusted repetition number for PUR, using an indication of  bits. FFS .
Note that an alternative with memory (e.g. 2-bit indication for “moving up” or “moving down” the current repetition level) may create issues of lack of sync between eNB and UE (if eNB and UE lose sync one time, they will never regain it due to lack of memory). The proposal above solves these issues by the definition of the set .
Flag to indicate L1 vs L2/L3 ACK: 

This flag should be set to 1 if there is L2/L3 ACK information, and the remaining of the DCI will schedule the PDSCH. If this flag is 0, the UE shall interpret that there is no L2/L3 ACK and hence it is not required to monitor PDSCH. This will help with UE power savings in cases where an “L1-only” acknowledgement is enough (including the use of the TA and power control updates in the PUR DCI), while also retaining the option to have the UE read higher layer responses in the PDSCH if it is required.
Proposal 6: Include a 1-bit flag in the DCI associated with PUR transmission which indicates to the UE the presence or absence of a higher layer acknowledgement from the eNB.

Frequency Hopping for channels associated with PUR
MPDCCH associated with PUR
The agreements thus far on PUR MPDCCH do not cover the possibility of enabling or disabling frequency hopping for MPDCCH associated with PUR transmission. To this end, we propose to introduce an RRC parameter in the PUR configuration that signals whether MPDCCH hopping is enabled when it is associated with PUR transmission.
Proposal 7: Configure frequency hopping for MPDCCH associated with PUR transmission via RRC signalling as part of the PUR configuration.
PDSCH associated with PUR
After a PUR transmission, a UE may need to read PDSCH—for example, when there is an L2/L3 ACK in response to PUR. In this case, the UE needs to know whether and how frequency hopping for this PDSCH is configured. For the case of PUR, absent the UE-specific messages that the UE obtains in RRC Connected mode to configure it with frequency hopping for different channels (including PDSCH), we propose to include in the PUR configuration, an RRC flag that enables or disables frequency hopping for PDSCH associated with PUR.
Proposal 8: Configure frequency hopping for PDSCH associated with PUR transmission via RRC signalling as part of the PUR configuration.
PUR PUSCH Retransmissions
Like the case of PDSCH described above, the UE should have frequency hopping behaviour specified for all PUSCH transmissions associated with PUR. It has been agreed to include an RRC signal as part of the PUR configuration to enable or disable frequency hopping for initial transmissions of PUR. However, for PUR retransmissions, the UE needs to be configured with frequency hopping—either explicitly or following the configuration for the initial PUR transmission.
Proposal 9: Downselect one of the options below for configuring frequency hopping for PUR PUSCH retransmissions
· Option 1: Indicate whether frequency hopping is enabled or disabled in the PUR PUSCH retransmissions
· Option 2: The UE shall follow same frequency hopping configuration for PUR PUSCH retransmissions as that of initial PUR transmission 
Number of repetitions for channels associated with PUR
PUSCH retransmission
For BL/CE UEs, the number of repetitions for PUSCH is indicated by the DCI, in conjunction with a parameter like , that serves as an index for determining the possible values of PUSCH repetitions that the DCI can signal. For PUR, it is not specified how (something similar in spirit to)  will be determined for PUSCH associated with PUR. Absent any indication in the PUR configuration, the UE may be forced to use the broadcast value of  in SIB. This is because unlike connected mode UEs, there is no  override dedicated for the UE. We think this is a poor design choice: since the base station already configures the UE with PUR resources with a certain number of repetitions for initial PUSCH transmission, the DCI indication for number of PUSCH repetitions should be based at least on the initial value of PUR repetitions configured. For example, if the initial number of PUSCH repetitions for PUR is 4, the retransmission DCI may indicate, with two bits, a repetition number among the set {1,2,4,8} – Note that, in the case of PUR, and due to potentially stale CSI at the eNB, it may be beneficial to schedule a retransmission with a larger number of repetitions than the initial transmission. 
Proposal 10: For PUR PUSCH retransmissions, the number of repetitions for PUSCH is obtained from a field in the DCI for retransmission, which is interpreted depending on the number of repetitions configured for initial PUR transmission.
PDSCH associated with PUR
In line with the discussion above, the initial PUR configuration should have a bearing on the “-type” field for PDSCH repetition numbers indicated by the DCI. The broadcast value should not be used for PUR, which is UE-specific.
Proposal 11: For PDSCH associated with PUR, the maximum number of repetitions for PDSCH is indicated in the initial PUR configuration.
Configurations for PUR PUCCH
In some cases, the eNB will reply to a PUR transmission with a PDSCH (e.g. RRC Configuration or other L2/L3 message). In this case, there is need for the UE to provide HARQ-ACK feedback. Thus, the PUCCH resources need to be configured and known to the UE.
In keeping with our views on frequency hopping configurations and repetition number configurations for channels associated with PUR, it is our preference to have UE-specific configuration for PUCCH resources (including number of repetitions for PUCCH, resource index, etc.) associated with PUR. The level at which the PUCCH configuration for PUR is tied to the initial PUR configuration may be further discussed. For example, as part of the PUR configuration, the base station may signal to the UE a CE-level that it may take as reference for PUCCH resource determination from the common configuration for PUCCH broadcast in SIB. Alternatively, the PUR configuration can explicitly configure the resources and number of repetitions for PUCCH associated with PUR. To this end, we propose the following for PUCCH associated with PUR.
Proposal 12: Configuration of PUCCH associated with PUR is dedicated for a UE, and the dedicated indication is part of the initial PUR configuration. 
· FFS details of dedicated configuration, e.g., indication of dedicated CE levels, explicit indication of resources, etc. 

Other Aspects of PUR Configurations
RAN2 has agreed that, from RAN2 perspective, it is feasible to configure a larger TBS for PUR than the ones for EDT. Thus, this opens the door to configuring the UE with optional features (such as larger TBS) for PUR procedure. This has not been discussed yet in RAN1. To that end, we make the following proposal.
[bookmark: _Hlk21118575]Proposal 13: RAN1 to discuss support for the following optional features for PUR
· Larger TBS for uplink
· DL 64-QAM
· CE mode A/B
· Larger bandwidth
· Sub-PRB allocation
· Flexible RA
CFS PUR
In RAN1 98, the following Working Assumption was reached:
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.

In this section, we provide evaluations that demonstrate cases, where for 2PRB allocations, up to 8 UEs can be multiplexed with UE-specific DMRSs (differentiated by cyclic shifts) within the same resource—at repetition numbers of 32 and beyond. We present our findings for the following scenarios 
1. Fixed traffic—i.e., the (unlikely) scenario where all UEs transmit simultaneously, all the time, on the allocated shared resource of 2 PRBs
2. Bursty traffic—i.e., one where we assume that among the 8 UEs that are sharing the 2 PRB resource, each UE accesses the medium with a certain access probability —we note that this is the more likely scenario in a real world deployment for eMTC/NB-IoT UEs that typically access the medium sporadically to transmit data (this being the motivation for features such as ‘skip-uplink’ for PUR)
Simulation Assumptions
Our simulation assumptions for evaluating CFS-PUR performance are shown in Table 1.
Table 1: Simulation assumptions for CFS PUR
	Parameter
	Value/Description

	Channel model and doppler shift 
	ETU 1Hz

	Resource Bandwidth(s)
	2 PRBs (contiguous)

	Number of repetitions in a resource
	Up to 128 repetitions (subframes)

	Number of UEs transmitting in (entire) resource
	Up to 8 ( channels () are i.i.d)

	DMRS differentiation at UEs
	Up to 8 cyclic shifts

	Channel Estimation
	DMRS-based cross-subframe channel estimation

	Transport Block Size and Modulation Order
	328 bits TBS with QPSK

	Number of eNB Rx antennas
	2, 4



Fixed Traffic
We consider the setting when  or  UEs transmit uplink data all the time in a shared resource of size 2 PRB. This, in a sense, is the worst-case scenario for CFS-PUR, especially when implementational constraints at the base-station limit the use of multi-user detection techniques such as successive interference cancellation. Still, within this restricted ambit, we demonstrate that for low-SNR regimes that CE Mode B is intended to provide coverage in, CFS-PUR with single-user MMSE detection at the base station results in a negligible loss in pre-HARQ BLER performance—effectively scaling the resource overhead savings over dedicated PUR by a factor equal to the number of UEs multiplexed within the 2PRB resource. 
In Fig. 1 below, we depict the pre-HARQ BLER performance for  or  UEs (and, therefore, 1, 2, 4 or 8 cyclic shifts) accessing sharing the same 2 PRB resource. In our settings, all the UEs are assumed to be transmitting at the power-level, whereby the interference seen at the base station increases with an increase in SNR, and as the number of UEs sharing the medium increases. In the evaluations shown in Fig. 1, the number of eNB antennas is 4.
[image: ]
Figure 1: BLER performance of UL MU-MIMO with single-user MMSE detection
From Fig. 1 above, we see that even at  repetitions, the performance (at  BLER) per-UE when  UEs simultaneously (and constantly) transmit in the same 2 PRB resource are within  dB of that when only a single UE is transmitting; at 64 repetitions, the differences are negligible.
Of course, it goes without saying that the higher the SNR regime of operation, the worse the MU-MIMO performance will be—owing to the lack of interference cancellation afforded by a SIC receiver. Still, the scenario outlined in the simulation is a typical candidate scenario for CE Mode B, and we conclude that the number of allowable cyclic shifts should not be restricted to be lower than —depending on the coverage level, the base station may configure fewer cyclic shifts.
A key component in interpreting these results that runs the risk of being overlooked is the resource savings obtained in such a scenario. In the above setup, at 64 repetitions, the identical BLER performance straightaway translates to a resource savings of  PRBs over a dedicated allocation. And things only improve for CFS-PUR, when more realistic bursty-traffic scenarios are considered (in the next subsection)
Observation 1: CFS-PUR with 8 UEs sharing the medium leads to a resource savings of  PRBs vis-à-vis D-PUR with negligible loss in BLER performance with 64 repetitions.
Bursty Traffic   
Here, we present results for a scenario where uplink traffic from the UE is bursty. Our evaluation model is as follows:
1. We perform link-level evaluations of the type outlined in section 8.2 above—but this time, we save results for when every number from  UEs simultaneously access the medium.
2. To depict the performance that a given UE sees in a bursty-traffic environment, for every value of UE transmit power, we run a Monte-Carlo simulation of 10000 iterations, where in each iteration, we generate a number from 0 to 7, according to the i.i.d  based process for each of the “other” 7 UEs.
3. For each value of UE transmit power, we determine the “Traffic-aware BLER” by taking the average over these 10000 iterations (where, within each iteration, we read the interpolated link-level data for the corresponding total number  of UEs accessing the system, obtained in Step 1)

[bookmark: _GoBack]Fig. 2 depicts (for 64 repetitions) the results we obtain for different degrees of burstiness—as outlined by different values of the access probability . It is worth noting that for these simulations (differently from section 7.2 before), we are in a higher SNR regime of operation, since we only assume  base station antennas. Even in this scenario, one can see the benefits of configuring up to 8 cyclic shifts—for reasonable access probabilities of  up to , the performance degradation with respect to dedicated PUR is within 0.5 dB, with the implied advantage of resource savings, outlined in section 8.2. 
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Figure 2: Performance in bursty-traffic with 2 Rx antennas and up to 8 cyclic shifts


Proposal 14: Confirm the following working assumption with support of up to 8 cyclic shifts and at repetitions >=64:
For eMTC full PRB allocation, for PUR with R>= 64 repetitions:
· Allow for UE-specific cyclic shift (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)
Summary of Proposals
Proposal 1: Introduce a timing advance adjustment field in the PUR L1 ACK DCI.
Proposal 2: For potentially successive DCIs associated with the same PUR retransmission grant, the UE shall assume that the updated TA for retransmission is determined by adding the TA adjustment in the DCI only once to the TA of the initial PUR transmission.
Proposal 3: For a non-zero TA adjustment in the DCI associated with PUR transmission, consider a relaxed MPDCCH-to-PUSCH timeline with respect to legacy. FFS relaxed value.
Proposal 4: Support the provision of power-ramping for PUR HARQ re-transmissions. FFS details. 
Proposal 5: For every initial PUR configuration with  repetitions, configure a repetition adjustment set  via RRC signalling for different values of , where  is always an element of the set . Indicate via DCI, the adjusted repetition number for PUR, using an indication of  bits. FFS .
Proposal 6: Include a 1-bit flag in the DCI associated with PUR transmission which indicates to the UE the presence or absence of a higher layer acknowledgement from the eNB.
Proposal 7: Configure frequency hopping for MPDCCH associated with PUR transmission via RRC signalling as part of the PUR configuration.
Proposal 8: Configure frequency hopping for PDSCH associated with PUR transmission via RRC signalling as part of the PUR configuration.
Proposal 9: Downselect one of the options below for configuring frequency hopping for PUR PUSCH retransmissions
· Option 1: Indicate whether frequency hopping is enabled or disabled in the PUR PUSCH retransmissions
· Option 2: The UE shall follow same frequency hopping configuration for PUR PUSCH retransmissions as that of initial PUR transmission 
Proposal 10: For PUR PUSCH retransmissions, the number of repetitions for PUSCH is obtained from a field in the DCI for retransmission, which is interpreted depending on the number of repetitions configured for initial PUR transmission.
Proposal 11: For PDSCH associated with PUR, the maximum number of repetitions for PDSCH is indicated in the initial PUR configuration.
Proposal 12: Configuration of PUCCH associated with PUR is dedicated for a UE, and the dedicated indication is part of the initial PUR configuration. 
· FFS details of dedicated configuration, e.g., indication of dedicated CE levels, explicit indication of resources, etc. 
Proposal 13: RAN1 to discuss support for the following optional features for PUR
· Larger TBS for uplink
· DL 64-QAM
· CE mode A/B
· Larger bandwidth
· Sub-PRB allocation
· Flexible RA

Observation 1: CFS-PUR with 8 UEs sharing the medium leads to a resource savings of  PRBs vis-à-vis D-PUR with negligible loss in BLER performance with 64 repetitions.
Proposal 14: Confirm the following working assumption with support of up to 8 cyclic shifts and at repetitions >=64:
For eMTC full PRB allocation, for PUR with R>= 64 repetitions:
· Allow for UE-specific cyclic shift (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)
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