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[bookmark: _Ref506539118]Introduction
In NR coverage enhancement WID, the following objectives have been identified [1]:
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
In the contribution, we discuss enhancements on PUSCH repetition type A. Our views on TB processing over multi-slot PUSCH and joint channel estimation for PUSCH are described in our companion contributions [2] and [3], respectively. In addition, our view on PUCCH enhancements is presented in our companion contribution [4].
Discussion on enhancements on PUSCH repetition type A
Maximum number of repetitions for PUSCH
In NR Rel-15, multi-slot based transmission for PUSCH was supported, which can be used to improve the coverage. More specifically, the number of slots for PUSCH repetitions can be 2, 4 or 8. Further, in Rel-16, the number of repetitions can be dynamically indicated in the DCI for scheduling PUSCH. In addition, the maximum number of PUSCH repetitions is increased to 16. 
[bookmark: _Hlk52480863]Figure 1 illustrates link level simulation results for PUSCH with different number of repetitions. In the simulations, it is assumed DFT-s-OFDM waveform and intra-slot frequency hopping for PUSCH. In addition, it is assumed TBS = 136, MCS = 0, 2 DMRS symbols are allocated in each slot and moving speed of 3km/h. From the figure, it can be observed that link level performance for PUSCH can be improved by increasing the number of repetitions. More specifically, ~2dB performance gain can be observed when doubling the repetition levels for PUSCH.
[bookmark: _Hlk52481077] [image: ]
[bookmark: _Ref47080094]Figure 1. Simulation results for PUSCH with repetitions
To further improve the coverage, especially when considering TDD configuration with limited UL slots, maximum number of repetitions can be increased for PUSCH repetition type A. More specifically, the maximum number of repetitions for PUSCH may be increased from 16 to 32. Note that further increase of maximum repetition levels for PUSCH may not be desirable given that the NR coverage enhancement is mainly targeted for non-LPWA services, where UEs are not in deep coverage scenarios. 
Observation 1
· ~2dB performance gain can be observed when the repetition level for PUSCH is doubled.
Proposal 1
· Maximum number of repetitions for PUSCH repetition type A can be increased to 32.

PUSCH repetition based on available UL slots
In Rel-15, for PUCCH repetition in TDD system, PUCCH is only transmitted in a slot when the number of available symbols is greater than or equal to the configured or indicated number of symbols for PUCCH transmission. Further, in case of cancellation due to collision with semi-static configured DL symbols or SSB transmission, UE would postpone the PUCCH repetition until the configured number of repetitions is reached. 
For coverage enhancement of PUSCH with repetition type A, similar mechanism can be considered for unpaired spectrum to allow UE to postpone the PUSCH transmission until all the configured or indicated number of repetitions is reached. In this regard, the number of actual repetitions for PUSCH transmission can be guaranteed, especially in case of cancellation due to collision with semi-static configured DL symbols, SSB transmissions and invalid UL symbols, which can ensure the coverage performance for PUSCH. As defined in Rel-16, invalid UL symbols are semi-statically configured after the last symbol in a consecutive number of symbols that are indicated as DL, which can be used as DL to UL switching purpose. 
Note that it may not be desirable to consider dynamic indication including SFI indicated in the DCI format 2_0, or priority indicator to determine the availability of UL slots for PUSCH repetition. This is primarily due to the fact that if UE mis-detects the DCI carrying dynamic indication, UE may have different understanding from gNB on which slots to be used for PUSCH repetitions. With postponement mechanism for PUSCH repetition, this may introduce undesirable interference or even cross-link interference in the network.  
To determine the available UL slots for PUSCH with repetition type A, assuming N and K as the configured or indicated number of symbols in a slot and number of repetitions, respectively, if UE is configured with semi-static DL/UL configuration, when the number of valid UL symbols or flexible symbols in a slot which are not used for SSB transmission is greater than or equal to N starting from indicated starting symbol, UE transmits the PUSCH in the slot. In addition, UE continues to transmit the PUSCH in available UL slots until K slots are reached. Further, if UE is not configured with semi-static DL/UL configuration, UE is expected to transmit the PUSCH over K consecutive slots. 
Figure 2 illustrates one example of PUSCH with repetition type A on the basis of available UL slots. In the figure, the number of UL symbols in the 2nd slot is not sufficient for PUSCH transmission. In this case, UE would transmit the PUSCH in the 3rd slot assuming the number of repetitions is 2. 
[image: ]
[bookmark: _Ref60335612]Figure 2. PUSCH repetition on the basis of available UL slots
Proposal 2
· For PUSCH with repetition type A, if UE is configured with semi-static DL/UL configuration, when the number of valid UL symbols or flexible symbols in a slot which are not used for SSB transmission is greater than or equal to N starting from indicated starting symbol, UE transmits the PUSCH in the slot. In addition, UE continues to transmit the PUSCH in available UL slots until K slots are reached.
· Where N and K are the configured or indicated number of symbols in a slot and number of repetitions, respectively.
· If UE is not configured with semi-static DL/UL configuration, UE is expected to transmit the PUSCH over K consecutive slots.

Note that the above criteria would apply for both DG-PUSCH and CG-PUSCH with repetition type A. Further, in case when the number of repetitions is large, it may not be desirable to postpone the PUSCH repetitions after a time window, especially for CG-PUSCH. To avoid excessive resource waste and improve system level spectral efficiency, the time window may be configured to allow UE to postpone the PUSCH repetitions to a certain number of slots. 
Proposal 3
· For PUSCH with repetition type A, a time window may be configured to allow UE to postpone the PUSCH repetitions to a certain number of slots.

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed enhancements on PUSCH repetition type A. Further, we summarize the observations and proposals as follows:
Observation 1
· ~2dB performance gain can be observed when the repetition level for PUSCH is doubled.
Proposal 1
· Maximum number of repetitions for PUSCH repetition type A can be increased to 32.
Proposal 2
· For PUSCH with repetition type A, if UE is configured with semi-static DL/UL configuration, when the number of valid UL symbols or flexible symbols in a slot which are not used for SSB transmission is greater than or equal to N starting from indicated starting symbol, UE transmits the PUSCH in the slot. In addition, UE continues to transmit the PUSCH in available UL slots until K slots are reached.
· Where N and K are the configured or indicated number of symbols in a slot and number of repetitions, respectively.
· If UE is not configured with semi-static DL/UL configuration, UE is expected to transmit the PUSCH over K consecutive slots.
Proposal 3
· [bookmark: _GoBack]For PUSCH with repetition type A, a time window may be configured to allow UE to postpone the PUSCH repetitions to a certain number of slots.

References
1. [bookmark: _Ref60045850][bookmark: _Ref47206669][bookmark: _Ref30840956][bookmark: _Ref20730972][bookmark: _Ref16193927][bookmark: _Ref6926730][bookmark: _Ref7107393][bookmark: _Ref521318726][bookmark: _Ref524340861][bookmark: _Ref510774888][bookmark: _Ref3884257]RP-202928, “New WID on NR coverage enhancements”, China Telecom, e-Meeting, December 2020
1. [bookmark: _Ref46943683][bookmark: _Ref60047324][bookmark: _Ref46943742]R1-2100666, “Discussion on TB processing over multi-slot PUSCH”, Intel Corporation, e-Meeting, January 2021
1. [bookmark: _Ref53422855][bookmark: _Ref60047327][bookmark: _Ref47206736]R1-2100667, “Discussion on joint channel estimation for PUSCH”, Intel Corporation, e-Meeting, January 2021
1. [bookmark: _Ref53422862][bookmark: _Ref60047330][bookmark: _Ref47080459]R1-2100668, “Discussion on PUCCH enhancements”, Intel Corporation, e-Meeting, January 2021







7/7
image1.emf
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0

SNR, dB

10

-2

10

-1

10

0

B

L

E

R

PUSCH, TDL-C 300ns, 1Tx2Rx, 700MHz, Intra-slot FH

RepLevel = 1

RepLevel = 2

RepLevel = 4

RepLevel = 8

RepLevel = 16

RepLevel = 32


image2.png
DL symbols

(_/%
I IIIIIIIIII||IIIIIIIIIIII
>

Slot [l puscH

<





