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8.8     NR coverage enhancement

Please refer to RP-211566 for detailed scope of the WI

//From AI5

/This one is to use NWM – please use RAN1-106-e-NWM-NR-R17-CovEnh-LS-01 as the document name
[106-e-NR-R17-CovEnh-LS-01] Email discussion/approval for the reply LS to R1-2106423 from 8/16 to 8/20, - Yi (Qualcomm) 

LS R1-21xxxxx is endorsed in principle 
8.8.1 PUSCH enhancements

8.8.1.1 Enhancements on PUSCH repetition type A

[106-e-NR-R17-CovEnh-01] Email discussion regarding enhancements for PUSCH repetition type A – Toshi (Sharp)
· 1st check point: 8/19
· 2nd check point: 8/24
· Final check: 8/27
Agreement:

· For Rel-17 PUSCH repetition Type A without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced. 

Agreement
Take Option 1-B as an agreement for the procedure of Rel-17 PUSCH repetitions counted on the basis of available slots.
· Alt 1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.

· FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)
Agreement
For PUSCH repetition Type A for Rel-17 CG-PUSCH, semi-static flexible symbol is considered as available.
Agreement
For PUSCH repetition Type A for Rel-17 DG-PUSCH, semi-static flexible symbol is considered as available.
Note: The applicability for Msg 3 is to be discussed in 8.8.3
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R1-2108287 
FL Summary #2 on Enhancements on PUSCH repetition type A
Moderator (Sharp)
R1-2108286 
FL Summary #1 on Enhancements on PUSCH repetition type A
Moderator (Sharp)
R1-2106495
Discussion on coverage enhancements for PUSCH repetition type A
Huawei, HiSilicon

R1-2106611
Discussion on enhancement for PUSCH repetition type A
vivo

R1-2106655
Enhancements on PUSCH repetition type A
Nokia, Nokia Shanghai Bell

R1-2106739
Discussion on enhanced PUSCH repetition type A
ZTE

R1-2106902
Enhancements on PUSCH repetition type A
Samsung

R1-2106988
Discussion on enhancements on PUSCH repetition type A
CATT

R1-2107116
Discussion on enhancements on PUSCH repetition Type A
Panasonic Corporation

R1-2107121
Discussion on enhancements on PUSCH repetition type A
Rakuten Mobile, Inc

R1-2107123
Enhancements on PUSCH repetition type A
China Telecom

R1-2107140
Discussion on PUSCH repetition type A
NEC

R1-2107190
Enhancements on PUSCH repetition type A
Lenovo, Motorola Mobility

R1-2107256
Enhancements on PUSCH repetition type A
OPPO

R1-2107359
Enhancements on PUSCH Repetition Type A
Qualcomm Incorporated

R1-2107417
Discussion on enhancements on PUSCH repetition type A
CMCC

R1-2107548
Discussions on PUSCH repetition type A enhancements
LG Electronics

R1-2107559
PUSCH Repetition Type A Enhancement
Ericsson

R1-2107602
Enhancements on PUSCH repetition type A
Intel Corporation

R1-2107634
Design considerations for PUSCH repetition Type A Enhancements
Sierra Wireless, S.A.

R1-2107650
Type-A PUSCH repetition for coverage enhancement
InterDigital, Inc.

R1-2107753
Discussion on PUSCH repetition type A enhancement
Apple

R1-2107799
Enhancements on PUSCH repetition type A
Sharp

R1-2107872
Enhancements on PUSCH repetition type A
NTT DOCOMO, INC.

R1-2107935
Enhancements on PUSCH repetition type A
Xiaomi

R1-2108157
Discussion on enhancements on PUSCH repetition type A
WILUS Inc.

8.8.1.2 TB processing over multi-slot PUSCH

[106-e-NR-R17-CovEnh-02] Email discussion regarding TB processing over multi-slot PUSCH – Marco (Nokia)
· 1st check point: 8/19
· 2nd check point: 8/24
· Final check: 8/27

Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1

Possible agreement
For the rate-matching of TBoMS, RAN1 to downselect during RAN1 #106-e only one of these two options:

· Bit interleaving is performed per slot.

· Bit interleaving is performed over all the allocated slots for TBoMS.

FFS: further details, e.g., CB segmentation.
Note: for RV issues, it will be discussed separately
Agreement
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
· No further optimization to allocate resources for TBoMS in the special slot is supported.
Agreement
TBoMS is supported for both configured grant and dynamic grant.
Working Assumption

Single TBoMS structure of Option 3 is selected
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 

· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on. 

FL Proposals
Option 4 for single TBoMS structure is modified as below:
· TBS calculation using K<=N is supported 

· FFS: whether constraints on K and N, other than the range of supported values of N, are needed.
· Note: How K is used for TBS calculation is according to existing agreements.
· Note: This is subject to UE capability
· NW indicates K and N separately (details of the indication are FFS):

· At least K=N is supported. 

· FFS: whether and how K=1 is supported

· FFS: other values of K
· FFS: supported values of N
· RVs are refreshed every K slots

· If K< N, different RV index maybe used for a single TBoMS
· FFS: K is the number of physical slots or available slots

FFS: details of the indications of K and N.
FFS: other details, e.g., frequency hopping
FFS: when the K slots are non-consecutive
R1-2108253
FL summary of TB processing over multi-slot PUSCH
Moderator (Nokia, Nokia Shanghai Bell)
R1-2106496
Discussion on TB processing over multi-slot PUSCH
Huawei, HiSilicon

R1-2106612
Discussion on PUSCH TB processing over multiple slots
vivo

R1-2106656
Transport block processing for PUSCH coverage enhancements
Nokia, Nokia Shanghai Bell

R1-2106740
Discussion on TB processing over multi-slot PUSCH
ZTE

R1-2106903
TB processing over multi-slot PUSCH
Samsung

R1-2106989
Discussion on TB processing over multi-slot PUSCH
CATT

R1-2107035
Views on TB processing over multi-slot PUSCH
Fujitsu

R1-2107117
Discussion on TB processing over multi-slot PUSCH
Panasonic Corporation

R1-2107124
Discussion on TB processing over multi-slot PUSCH
China Telecom

R1-2107141
Discussion on TB processing over multi-slot PUSCH
NEC

R1-2107191
Enhancements for TB processing over multi-slot PUSCH
Lenovo, Motorola Mobility

R1-2107198
Discussion on TBoMS
TCL Communication Ltd.

R1-2107257
Issues for TB over multi-slot PUSCH
OPPO

R1-2107360
TB processing over multi-slot PUSCH
Qualcomm Incorporated

R1-2107418
Discussion on TB processing over multi-slot PUSCH
CMCC

R1-2107523
Discussion on TB processing over multi-slot PUSCH
MediaTek Inc.

R1-2107549
Discussions on TB processing over multi-slot PUSCH
LG Electronics

R1-2107560
TB Processing over Multi-Slot PUSCH
Ericsson

R1-2107603
Discussion on TB processing over multi-slot PUSCH
Intel Corporation

R1-2107635
Design Considerations for TB Processing over Multi-Slot PUSCH
Sierra Wireless, S.A.

R1-2107651
TB processing over multiple slots
InterDigital, Inc.

R1-2107754
Discussion on TB processing over multi-slot PUSCH
Apple

R1-2107800
Transport block processing over multi-slot PUSCH
Sharp

R1-2107873
TB processing over multi-slot PUSCH
NTT DOCOMO, INC.

R1-2107936
Discussion on TB processing over multi-slot PUSCH
Xiaomi

R1-2108158
Discussion on TB processing over multi-slot PUSCH
WILUS Inc.

8.8.1.3 Joint channel estimation for PUSCH 

[106-e-NR-R17-CovEnh-03] Email discussion regarding joint channel estimation for PUSCH – Jianchi (China Telecom)
· 1st check point: 8/19
· 2nd check point: 8/24
· Final check: 8/27
 
Proposal 1: Make down selection on the following two alternatives in RAN1 #106-e.
Alt 1:
Ÿ   For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
‐   Over back-to-back PUSCH transmissions with different TBs
�   For non-back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
‐   Over non-back-to-back PUSCH transmissions with different TBs
Alt 2:
Ÿ   Joint channel estimation over back-to-back PUSCH transmissions with different TBs is not supported in Rel-17.
Ÿ   Joint channel estimation over non-back-to-back PUSCH transmissions with different TBs is not supported in Rel-17.
Confirm the following working assumption
Working assumption:

· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:

· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.

· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 

· FFS: additional specification enhancements on top of that defined to support repetition Type A

· Only for single layer transmissions

· Subject to UE capability

· FFS: Over non-back-to-back PUSCH transmissions with different TBs

· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 

· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions

· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)

· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.

Conclusion

· Optimization of DMRS location in time domain for PUSCH is not considered for joint channel estimation in Rel-17.
Agreement
· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.

· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.
Agreement 
Make down-selection between the following two alternatives:
· Alt 1: UE is not expected to receive TPC commands during the current time domain window.

· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.

R1-2108371
 [106-e-NR-R17-CovEnh-03] FL Summary#2 of joint channel estimation for PUSCH
Moderator (China Telecom)
R1-2108221
FL Summary of joint channel estimation for PUSCH
Moderator (China Telecom)

R1-2106497
Discussion on joint channel estimation for PUSCH
Huawei, HiSilicon

R1-2106613
Discussion on joint channel estimation for PUSCH
vivo

R1-2106657
Joint channel estimation for PUSCH coverage enhancements
Nokia, Nokia Shanghai Bell

R1-2106711
Discussion on joint channel estimation for PUSCH
Spreadtrum Communications

R1-2106741
Discussion on joint channel estimation for PUSCH
ZTE

R1-2106817
On joint channel estimation for PUSCH
Sony

R1-2106904
Joint channel estimation for PUSCH
Samsung

R1-2106990
Discussion on joint channel estimation for PUSCH
CATT

R1-2107125
Discussion on joint channel estimation for PUSCH
China Telecom

R1-2107192
Enhancements for joint channel estimation for multiple PUSCH
Lenovo, Motorola Mobility

R1-2107199
Discussion on Joint channel estimation for PUSCH
TCL Communication Ltd.

R1-2107258
Consideration on Joint channel estimation for PUSCH
OPPO

R1-2107361
Joint channel estimation for PUSCH
Qualcomm Incorporated

R1-2107419
Discussion on joint channel estimation for PUSCH
CMCC

R1-2107524
Discussion on Joint channel estimation over multi-slot PUSCH
MediaTek Inc.

R1-2107550
Discussions on joint channel estimation for PUSCH
LG Electronics

R1-2107561
Joint Channel Estimation for PUSCH
Ericsson

R1-2107604
Discussion on joint channel estimation for PUSCH
Intel Corporation

R1-2107633
Design Considerations for Joint channel estimation for PUSCH
Sierra Wireless, S.A.

R1-2107652
Joint channel estimation for PUSCH
InterDigital, Inc.

R1-2107755
Discussion on joint channel estimation for PUSCH
Apple

R1-2107801
Joint channel estimation for multiple PUSCH transmission
Sharp

R1-2107832
Discussion on joint channel estimation for PUSCH
Panasonic Corporation

R1-2107874
Joint channel estimation for PUSCH
NTT DOCOMO, INC.

R1-2107937
Discussion on joint channel estimation for PUSCH
Xiaomi

R1-2108159
Discussion on joint channel estimation for PUSCH
WILUS Inc.

8.8.2 PUCCH enhancements

Including dynamic PUCCH repetition factor indication, and DMRS bundling across PUCCH repetitions (When applicable, based on similar mechanism(s) for enabling joint channel estimation for PUSCH)

[106-e-NR-R17-CovEnh-04] Email discussion regarding PUCCH enhancements – Yi (Qualcomm)
· 1st check point: 8/19
· 2nd check point: 8/24
· Final check: 8/27
Confirm the following working assumption

Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 

· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.

· FFS: RRC signaling enhancement details
Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 
Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.
 

Agreement
· For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-210xxxx.
R1- 2108347
FL summary #2 of PUCCH coverage enhancement
Moderator (Qualcomm)
R1-2106498
Discussion on PUCCH coverage enhancement
Huawei, HiSilicon

R1-2106614
Discussion on PUCCH enhancements
vivo

R1-2106658
PUCCH coverage enhancements
Nokia, Nokia Shanghai Bell

R1-2106712
Discussion on PUCCH enhancements
Spreadtrum Communications

R1-2106742
Discussion on coverage enhancements for PUCCH
ZTE

R1-2106905
PUCCH enhancements
Samsung

R1-2106991
Discussion on PUCCH enhancement
CATT

R1-2107118
Discussion on PUCCH enhancement for NR coverage enhancement
Panasonic Corporation

R1-2107126
Discussion on PUCCH enhancements
China Telecom

R1-2107142
Discussion on PUCCH enhancements
NEC

R1-2107193
Enhancements for PUCCH repetition
Lenovo, Motorola Mobility

R1-2107259
PUCCH enhancements for coverage
OPPO

R1-2107362
PUCCH enhancements
Qualcomm Incorporated

R1-2107420
Discussion on PUCCH enhancements
CMCC

R1-2107477
PUCCH enhancements
ETRI

R1-2107551
Discussions on coverage enhancement for PUCCH
LG Electronics

R1-2107562
PUCCH Dynamic Repetition and DMRS Bundling
Ericsson

R1-2107605
Discussion on PUCCH enhancements
Intel Corporation

R1-2107653
Discussions on PUCCH enhancements
InterDigital, Inc.

R1-2107756
PUCCH coverage enhancement
Apple

R1-2107802
PUCCH coverage enhancement
Sharp

R1-2107875
PUCCH enhancements
NTT DOCOMO, INC.

R1-2107938
Discussion on PUCCH enhancements
Xiaomi

8.8.3 Type A PUSCH repetitions for Msg3

[106-e-NR-R17-CovEnh-05] Email discussion regarding Type A PUSCH repetitions for Msg 3 – Xianghui (ZTE)
· 1st check point: 8/19
· 2nd check point: 8/24
· Final check: 8/27
Agreement 
Do NOT support fallback RAR UL grant in 2-step RACH for indicating Msg3 repetition. 
Agreement 

The separate preambles for requesting Msg3 repetition could be configured only in an RO configured with 4-step RACH preambles not for requesting Msg3 repetition.
Working Assumption
Down-select only one from the following methods for indication of the number of repetition of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, introducing a new configurable TDRA table including the repetition factors.

·  The new TDRA table is configured by SIB1, with selecting one of the two options below. 
· Option 1: The new TDRA table includes separate new indication for K2, mapping type, SLIV and repetition factor. 
· Option 2: The new TDRA table includes legacy indication for K2, mapping type and SLIV from legacy TDRA table, and new indication for repetition factor.
·  If a new TDRA table is not configured, the legacy default TDRA table is used, and repetition factor K=1 is applied.
· K=1. 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· X MSB bits of the MCS information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Alt 3: If TPC information field is chosen, repurpose the TPC information field by selecting one of the two options below.
· Option 1: X LSB bits of the TPC information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Option 2: A predefined TPC command table with including repetition factor K is introduced. 
·  FFS details. 
R1-2108258
Feature lead summary #1 on support of Type A PUSCH repetitions for Msg3




Moderator (ZTE Corporation)
R1-2106499
Discussion on Msg3 repetition for coverage enhancement
Huawei, HiSilicon

R1-2106615
Discussion on Type A PUSCH repetitions for Msg3
vivo

R1-2106659
Approaches and solutions for Type A PUSCH repetitions for Msg3
Nokia, Nokia Shanghai Bell

R1-2106713
Discussion on type A PUSCH repetitions for Msg3
Spreadtrum Communications

R1-2106743
Discussion on support of Type A PUSCH repetitions for Msg3
ZTE

R1-2106906
Type A PUSCH repetitions for Msg3
Samsung

R1-2106992
Discussion on Type A PUSCH repetitions for Msg3
CATT

R1-2107119
Discussion on Type A PUSCH repetitions for Msg.3
Panasonic Corporation

R1-2107127
Discussion on type A PUSCH repetitions for Msg3
China Telecom

R1-2107260
Type A PUSCH repetitions for Msg3 coverage
OPPO

R1-2107363
Type A PUSCH repetition for Msg3
Qualcomm Incorporated

R1-2107421
Discussion on type A PUSCH repetitions for Msg3
CMCC

R1-2107478
Type A PUSCH repetitions for Msg3
ETRI

R1-2107552
Discussion on coverage enhancement for Msg3 PUSCH
LG Electronics

R1-2107563
Type A PUSCH Repetition for Msg3
Ericsson

R1-2107606
On Msg3 PUSCH repetition
Intel Corporation

R1-2107654
Type A PUSCH repetitions for Msg3
InterDigital, Inc.

R1-2107757
Discussion on Msg3 Coverage Enhancement
Apple

R1-2107803
Type A PUSCH repetition for msg3
Sharp

R1-2107876
Type A PUSCH repetitions for Msg3
NTT DOCOMO, INC.

R1-2107939
Discussion on Type A PUSCH repetition for Msg3
Xiaomi

R1-2108160
Discussion on Type A PUSCH repetitions for Msg3
WILUS Inc.

8.8.4 Others

R1-2106616
Enhanced contention resolution mechanism for CBRA procedure with MSG3 PUSCH repetition
vivo

R1-2106660
Discussion on the scope of DMRS bundling for PUSCH
Nokia, Nokia Shanghai Bell

R1-2106744
Performance impacts of residual frequency error for joint channel estimation of PUSCH and PUCCH transmissions
ZTE

R1-2106993
Views on reusing PUSCH enhancements for Msg3
CATT

R1-2107564
Other Coverage Enhancements for PUSCH
Ericsson

R1-2107655
Deterministic PUSCH repetition for coverage enhancement
InterDigital, Inc.

R1-2107679
On futher potential coverage enhancements
Huawei, HiSilicon

R1-2107940
Other considerations for coverage enhancement
xiaomi

