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Introduction
Coverage is one of the key factors that an operator considers when commercializing cellular communication networks due to its direct impact on service quality as well as CAPEX and OPEX. The Rel-17 study item 860036 “Study on NR coverage enhancements” evaluated the baseline performance and identified the potential bottleneck channels for both FR1 and FR2 [1]. This work item [2] specifies enhancements for PUSCH, PUCCH and Msg3 PUSCH, including enhancements on PUSCH repetition Type A, TB processing over multiple slots PUSCH, DMRS bundling for PUSCH/PUCCH, dynamic PUCCH repetition factor indication and Type A PUSCH repetitions for Msg3.
2
Description
The following key functionalities are introduced as part of the Work Item:

· Enhancements on PUSCH repetition Type A
For PUSCH repetition Type A, the maximum number of repetitions is increased up to 32. The increased maximum number of repetitions is applicable to PUSCH repetition Type A scheduled by DCI format 0_1 and DCI format 0_2 as well as PUSCH repetition Type A with Type 1 and Type 2 configured grant. In addition, PUSCH repetition Type A supports the repetitions counted based on available slots, and the maximum of repetitions for counting based on available slots is 32. When the counting based on available slots is enabled, a UE follows the 2-step procedure to perform PUSCH transmissions: in the first step, the UE determines available slots for K PUSCH repetitions; in the second step the UE determines whether to drop each of the K PUSCH repetition or not according to PUSCH dropping rules, where the PUSCH repetition is still counted in the K repetitions even if it is dropped. 
· TB processing over multiple slots PUSCH (TBoMS)
A single Transport Block (TB) using a resource allocated over multiple slots is introduced for PUSCH except Msg3. A UE scheduled to perform a TBoMS transmission, via either dynamic or configured grant (Type 2), uses the resource allocated across multiple slots to calculate the transport block size (TBS) for the transmission. Advantages of this approach as compared to single-slot PUSCH operations are in the form of lower effective coding rate and/or energy per resource element (EPRE) increase, both advantages leading to coverage enhancement. A TBoMS transmission can be performed w/ or w/o repetition, where a TBoMS transmission w/o repetition is referred to as single TBoMS transmission. The number of slots allocated for TBoMS is counted based on available slots. The UE transmits the TB across the slots determined as available for the TBoMS transmission, applying the same symbol and PRBs allocation in each slot, regardless of whether TBoMS is scheduled w/ or w/o repetition. Collision handling rules of Type A PUSCH repetition apply for TBoMS. TBS of a single TBoMS transmission is calculated using the resource in all the slots allocated for the single TBoMS transmission. The maximum supported TBS for TBoMS does not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers. TBoMS supports the transmission of only one layer and one code block. A single redundancy version (RV) is used for the transmission of a single TBoMS, irrespective of the number of slots allocated for a single TBoMS transmission, as per Figure 1. RV cycling is used across repetitions of a single TBoMS, as per Figure 2 . Rate Matching (RM) for TBoMS is performed per slot.
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Figure 1. Example of single TBoMS transmission (w/o repetitions) where 4 slots are allocated for the single TBoMS.
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Figure 2. Example of TBoMS transmission w/ repetitions, where 2 slots are allocated for the single TBoMS and 4 repetitions are configured.
· DMRS bundling for PUSCH/PUCCH
DMRS bundling to enable improved channel estimation is introduced for PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, for PUSCH repetition Type A with configured grant, for PUSCH repetition Type B, for TB processing over multiple slots PUSCH and for PUCCH repetitions of PUCCH formats 1, 3, and 4. A UE can report the maximum duration, in number of consecutives slots, during which the UE is able to maintain power consistency and phase continuity under certain tolerance level. With the duration of the nominal TDWs (Time Domain Windows), not longer than the maximum duration, configured by gNB, one or multiple nominal TDWs can be determined for PUSCH transmissions or PUCCH repetitions. A nominal TDW consists of one or multiple actual TDWs. Events, which cause power consistency and phase continuity not to be maintained across PUSCH transmissions or PUCCH repetitions within the nominal TDW, are defined. An actual TDW is terminated in case an event occurs. A new actual TDW is created in response to semi-static events not triggered by DCI or MAC-CE. Whether a new actual TDW is created in response to dynamic events triggered by DCI is subject to UE capability. Frequency hopping and UL beam switching for multi-TRP operation are regarded as semi-static events. The UE shall maintain power consistency and phase continuity within an actual TDW across PUSCH transmissions or PUCCH repetitions.
Inter-slot frequency hopping with DMRS bundling to enable improved channel estimation within the same frequency hop is introduced for PUSCH repetition Type A, PUSCH repetition Type B, TBoMS and PUCCH repetitions. With the frequency hopping interval, N consecutive slots, configured by gNB, the UE performs inter-slot frequency hopping every N consecutive slots for PUSCH transmissions or PUCCH repetitions.
· Dynamic PUCCH repetition factor indication
Dynamic repetition factor indication is introduced for PUCCH. This feature allows network to adjust PUCCH repetition factor in a flexible fashion based on channel conditions and traffic load. The mechanism to support this feature is an enhanced RRC configuration to configure different repetition factor per PUCCH resource. With this configuration, network can use existing PRI (PUCCH resource indicator) in DCI to point to a PUCCH resource where the associated repetition factor will be applied to the PUCCH transmission. By pointing to a different PUCCH resource via PRI, a different PUCCH repetition factor could apply, which implements the dynamic PUCCH repetition factor indication.
· Type A PUSCH repetitions for Msg3

Up to 16 repetitions is introduced for a Msg3 PUSCH transmission scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI. This is beneficial to enhance the coverage on both NUL and SUL. After carrier selection and BWP selection during the RACH initialization procedure, a UE requests repetition of Msg3 PUSCH scheduled by RAR UL grant via separate PRACH resource when the RSRP of DL path-loss reference fulfils a configured threshold. If requested by the UE, gNB decides whether or not to schedule repetition of the Msg3 PUSCH transmission. If scheduled, the number of repetitions N is indicated by the 2 MSBs of the MCS field in the RAR UL grant or in the DCI format 0_0; and the MCS index used for the PUSCH transmission is indicated by the 2 LSBs of the MCS field in the RAR UL grant or by the 3 LSBs of the MCS field in the DCI format 0_0. The Msg3 PUSCH transmission is performed over N slots, which is counted based on available slots. Only inter-slot frequency hopping is supported if N>1 is indicated for the PUSCH transmission. 
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