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Introduction
In the previous RAN4 meeting, WF on PUSCH coverage enhancements requirement [1] was agreed and multiple options for further discussion were captured.
In this paper, we provide our view on PUSCH requirements for verification of coverage enhancements features.
Discussion
PUSCH repetition type A with 32 repetitions
Based on the previous meeting discussion it is open whether to define the PUSCH requirements with repetition type A and 32 repetitions.
In Rel-16 PUSCH demodulation requirements for scenario with repetition type A were defined. These requirements cover scenario with two effective transmissions. Taking into account, that the purpose of requirements is verification of certain feature itself and is not checking of performance for all possible configurations, we think that existing requirements are sufficient for verification of repetition Type A and definition of new PUSCH requirements with just another number of configured repetitions is not needed.
Proposal 1:	Don’t define the requirements for PUSCH repetition type A with 32 repetitions.

PUSCH TB over Multi Slots (TBoMS)
In the previous RAN4 meeting, it was agreed to define the requirements for PUSCH TB over Multi Slots feature. However, the test design is still open. The following topics related to test design are listed for further discussion:
· Physical/available slots
· Repetition number
· PRB number
· Inter-slot frequency hopping
· Transform precoding
· Whether to consider UCI multiplexing on PUSCH for TBoMS transmission
· Other parameters (MCS, RV sequence, PUSCH mapping type, DMRS configuration)
· Test metric
Physical/available slots
The following options are listed in WF:
	· For FDD:
· Option 1: 4 physical/available slots
· Option 2: 8 available slots
· Option 3: 2 available slots
· For TDD:
· Option 1: 4 available slots
· Option 2: 2 available slots


The main purpose of these requirements is to verify the correct TBS determination in case TBoMS transmission is configured. Based on our understanding, using of 2 slots for verification of this functionality is sufficient. Therefore, we suggest to consider this configuration for definition of minimum performance requirements.
Repetition number
The following agreement was reached in the previous meeting
	· Option 1: 4
· Option 2: Not to consider repetition for TBoMS
· Option 3: FFS after available slot number is agreed


We think that it is sufficient to consider the scenarios without repetition for verification of TRoMS. Configuring of repetitions just will increase the test time and will not give the additional benefits from test coverage point of view.
PRB number
The following agreement was reached in the previous meeting
	· Option 1: Narrow PUSCH allocation
· Option 1A: Single PRB PUSCH allocation
· Option 1B: Non-single PRB allocation, i.e., 5 or 10 PRBs
· Option 2: Full applicable test bandwidth
· Option 3: FFS pending whether frequency hopping should be enabled


Taking into account that this is coverage limited use case, we assume that narrow PUSCH allocation is more practical assumption for this scenario. However, single PRB transmission looks too narrow for us. Therefore, we suggest to consider 5 PRBs PUSCH allocation for this test.
Inter-slot frequency hopping
Based on the previous meeting discussion it is open whether to enable the inter-slot hopping for TBoMS verification. In case requirements will be defined for narrow PUSCH allocation, we think that inter-slot frequency hopping can be configured in the test, which allows to improve the performance of coverage limited UEs.
Transform precoding
Based on the previous meeting discussion, it is open whether to cover CP-OFDM and DFT-S-OFDM waveforms or only CP-OFDM. CP-OFDM is typical waveform used in the system. DTF-S-OFDM is only covered by the Rel-15 PUSCH requirements for limited set of scenarios to verify support of this waveform. However, all requirements in future releases of NR are focused on CP-OFDM, because introduction of requirements with DFT-S-OFDM does not allow to verify any new functionality. We suggest to consider the similar approach and define requirements only for CP-OFDM waveform.
UCI multiplexing on PUSCH
In the previous meeting it was discussed whether to define the test with UCI multiplexing on PUSCH and configured TBoMS.
Based on our understanding, there is no big change in UCI multiplexing on PUSCH in scenarios with configured TBoMS and only equations for calculation of encoded UCI bits were updated to take into account that PUSCH transmission occupies multiple slots. Therefore, taking into account that we have Rel-15 test for verification of UCI multiplexing on PUSCH feature, we don’t think that introduction of such test with configured TBoMS is required.
Other parameters
In the previous RAN4 meeting the following agreements were reached:
	· For MCS
· Option 1: QPSK 1/3 MCS 4
· Option 2: MCS 2
· For RV sequence for HARQ transmission
· Option 1: [0 2 3 1]
· Option 2: [0 3 0 3] in case two repetitions will be considered
· Other options are not precluded pending on the repetition number
· For PUSCH mapping type:
· Option 1: Cover PUSCH mapping type A and type B
· Other options are not precluded


As for MCS, we think that typical MCS for PUSCH requirements (i.e. QPSK 1/3, MCS 4) can be considered and it will allow to verify the TBoMS functionality.
In case requirements will be defined without repetitions, using of typical RV sequence configuration [0 2 3 1] should be sufficient for testing.
As for PUSCH mapping type, taking into account that it is up to BS declaration, which mapping type is supported, we suggest to define requirements for both mapping types, i.e. similar to all existing requirements.
As for other parameters, like DMRS configuration, PUSCH resource allocation, HARQ etc., we suggest to reuse the typical assumptions from existing Rel-15 PUSCH requirements listed in Table: 8.2.1.1-1 in 38.104.
Test metric
In the previous RAN4 meeting, the test metric for TBoMS testing was discussed without agreement on certain setup. One of the listed options is 70% of maximum throughput. We think that this test metric can be considered for verification of TBoMS functionality.
Proposal 2:	Consider the following PUSCH test design for verification of TB over Multi Slots:
· 2 physical slots
· No repetitions
· 5 PRBs PUSCH allocation
· Inter-slot frequency hopping is ON
· CP-OFDM only
· Without UCI multiplexing on PUSCH
· FRC: QPSK 1/3, MCS 4
· RV sequence: [0 2 3 1]
· PUSCH mapping type A and type B
· Other parameters are same as for Rel-15 PUSCH tests (Table: 8.2.1.1-1 in 38.104)
· Test metric: Test SNR at which the PUSCH achieves 70% of throughput

PUSCH demodulation with Joint Channel Estimation (JCE)
In the previous RAN4 meeting, it was agreed to define the PUSCH requirements with Joint Channel Estimation (JCE). However, the test design is still open. The following topics related to test design are listed for further discussion:
· Slot number
· Configured TDW (cTDW) length
· PUSCH repetition type
· PRB number
· Inter-slot frequency hopping
· Transform precoding
· Other parameters
· Test metric
In addition to above topics, we suggest to discuss the reference receiver for definition of JCE minimum performance requirements.

Slot number and Configured TDW (cTDW) length
The following options were listed in the WF
	· Slot number for JCE in BS PUSCH demod requirements
· For TDD 
· Option 1: 2 consecutive slots
· Other options are not precluded
· For FDD
· Option 1: 2 consecutive slots
· Option 2: more than 2 consecutive slots
· Option 3: 4 consecutive slots
· Option 4: 8 consecutive slots
· Other options are not precluded
· Note: Slot number refers to the actual TDW number

· Configured TDW (cTDW) length for BS PUSCH demod with JCE
· For TDD 
· Option 1: 4 slots 
· Other options are not precluded
· For FDD
· Option 1: 4 slots 
· Other options are not precluded


Based on our understanding, depending on configured number of slots, efficiency of JCE in comparison to basic channel estimation will be higher in case of higher number of slots is considered. However, too high configured number of slots will leads to increasing of BS implementation complexity and it will be rather hard to guaranty phase continuity for many practical scenarios. Therefore, we suggest to start with considering of scenario with 2 and 4 slots configured for JCE as starting point and, based on results, we can make the further downselection to ensure that testable performance benefits of JCE over simple CE can be observed.
PUSCH repetition type
Another open issue is PUSCH repetition type. At current stage, we have type A and B. However, the minimum PUSCH requirements are defined only for PUSCH repetition type A. Therefore, taking into account that we don’t have the dedicated requirements for verification of PUSCH repetition type B only, we think that requirements should be defined for repetition Type A. In case requirements will be defined for Repetition Type B and DUT will fail the test, it will be difficult to understand whether reason of fail incorrect Repletion Type B implementation or incorrect JCE implementation.
PRB number
Based on the previous meeting discussion the following options are listed:
	· Option 1: 4 PRB
· Option 2: Full applicable test bandwidth 


Similar to discussion for TBoMS, taking into account, that considered features are related to coverage limited scenarios, narrow PUSCH transmission is more typical configuration. Therefore, we suggest to consider 4 PRBs PUSCH allocation for JCE test.
Inter-slot frequency hopping
In the previous meeting definition of requirements with configured Inter-slot frequency hopping was discussed and no consensus was reached.
The following information is captured in 38.214 Section 6.3.1
	
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, the starting RB during slot  is given by


Based on this sentence we can conclude that inter-slot frequency hopping cannot be consider in scenarios with configured Joint Channel Estimation/ DMRS bundling. Therefore, taking into account such RAN1 design, inter-slot frequency hopping should not be configured.
Transform precoding
Similar to TBoMS discussion, we have open issue related to waveform type for JCE requirements. We have the same discussion point as for TBoMS and propose to consider requirements with CP-OFDM only.
Other parameters
Other parameters like MCS, DMRS configuration, PUSCH mapping type, HARQ etc are also open and further discussion is needed.
As for MCS, we think that it should be selected based on MCS to ensure that JCE allows to achieve testable performance in comparison to baseline CE. As starting point, we can check MCS 2 and 4.
As for PUSCH mapping type, similar to all existing requirements, tests for Type A and B can be defined.
As for RV sequency, based on our understanding, it should decided based on agreement on number of repetitions configured in the test.
As for other parameters, like DMRS configuration and PUSCH resource allocation, we suggest to reuse the typical assumptions from existing Rel-15 PUSCH requirements listed in Table: 8.2.1.1-1 in 38.104.
Test metric
In the previous RAN4 meeting the test metric for JCE verification was discussed. One of the options is SNR for 70% of maximum throughput. Same time, requirements for Repetition Type A are defined with SNR for 1% BLER. We suggest to consider these two test metrics as baseline and further decide based on simulation results.
Reference receiver
Based on our understanding, joint channel estimation can be implemented in the different ways:
· Option 1: In case of N slots are configured for JCE, BS buffers whole signals for these N slots and, after that, uses DMRSs from all slots for CE of Data REs in slot i, i+1,…,i+N.
· Option 2: In case of N slots are configured for JCE, BS collects only information about DMRS CE and makes the consecutive channel estimation processing with using of DMRS from previous slots, i.e. uses DMRS from Slot #i for Data REs channel estimation in Slot #i, DMRS from Slot #i and i+1 for Data REs CE in Slot #i+1 etc.
We think that performance can be checked for both options for the agreed simulation assumptions to understand whether big misalignment can be observed for different JCE implementations. However, Option 2 looks less complicated in comparison to Option 1 in terms of demodulation processing and signal buffering. Therefore, in case big results misalignment will be observed, we suggest to consider Option 2 as reference receiver for definition of minimum PUSCH performance requirements.

Proposal 3:	Consider the following PUSCH test design for verification of Joint Channel Estimation:
· Number of slots for JCE: 2 and 4 slots as starting point with further down selection based on results
· PUSCH repetition type A
· 4 PRBs PUSCH allocation
· Inter-slot frequency hopping is OFF
· CP-OFDM only
· MCS 2 and 4 as starting point and make final decision based on simulation results
· PUSCH mapping type A and type B
· Other parameters (DMRS and time domain resource allocation) are same as for Rel-15 PUSCH tests (Table: 8.2.1.1-1 in 38.104)
· Test metric: SNR for 70% of maximum throughput and SNR for 1% BLER as starting point with further down selection based on results
Proposal 4: 	In case big misalignment will be observed for JCE simulations, consider the following reference receiver for definition of minimum requirements: DMRS symbols from previous (if available) and current slots are used for channel estimation on Data REs at current slot.
Conclusion
In this paper we provided our views on BS PUSCH demodulation requirements for NR coverage enhancements WI and made the following proposals:
Proposal 1:	Don’t define the requirements for PUSCH repetition type A with 32 repetitions.
Proposal 2:	Consider the following PUSCH test design for verification of TB over Multi Slots:
· 2 physical slots
· No repetitions
· 5 PRBs PUSCH allocation
· Inter-slot frequency hopping is ON
· CP-OFDM only
· Without UCI multiplexing on PUSCH
· FRC: QPSK 1/3, MCS 4
· RV sequence: [0 2 3 1]
· PUSCH mapping type A and type B
· Other parameters are same as for Rel-15 PUSCH tests (Table: 8.2.1.1-1 in 38.104)
· Test metric: Test SNR at which the PUSCH achieves 70% of throughput
Proposal 3:	Consider the following PUSCH test design for verification of Joint Channel Estimation:
· Number of slots for JCE: 2 and 4 slots as starting point with further down selection based on results
· PUSCH repetition type A
· 4 PRBs PUSCH allocation
· Inter-slot frequency hopping is OFF
· CP-OFDM only
· MCS 2 and 4 as starting point and make final decision based on simulation results
· PUSCH mapping type A and type B
· Other parameters (DMRS and time domain resource allocation) are same as for Rel-15 PUSCH tests (Table: 8.2.1.1-1 in 38.104)
· Test metric: SNR for 70% of maximum throughput and SNR for 1% BLER as starting point with further down selection based on results
Proposal 4: 	In case big misalignment will be observed for JCE simulations, consider the following reference receiver for definition of minimum requirements: DMRS symbols from previous (if available) and current slots are used for channel estimation on Data REs at current slot.
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