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This contribution proposes that NR Coverage Enhancement SI includes techniques maximizing coverage without incurring excessive increase of downlink control signaling.
Discussion
The SI on NR coverage enhancement [1] started in RAN1#101-e, focusing on simulation assumptions and initial baseline simulation results. Contributions discussing potential techniques have also been submitted.
Initial simulation results suggest that uplink channels (PUSCH, PUCCH) will prove to be limiting channels for strict link budget perspective. On the other hand, UE’s in power-limited situations require higher aggregation level for PDCCH and may have disproportionate impact on the PDCCH load in the cell.
NR supports functionalities such as Configured Grant and PUSCH repetition that reduce the PDCCH load. However, these functionalities as currently specified still require extensive use of dynamic signaling (PDCCH) to properly support UE’s at cell edge and ensure maximum resource utilization in the time domain. This is shown in the two following scenarios:
VoIP transmission in TDD
In NR Rel-16/15, the UE starts a timer when it transmits an UL configured grant. If the UE receives a dynamic grant with the same HARQ process ID that was used for CG transmission, the UE resets the timer. Upon the expiry of the timer the UE flushes the buffer and toggles the NDI. In case of dynamic TDD, the UE can lose some repetition occasions due to a dynamic reconfiguration of an UL slot/symbols to DL slot/symbols as shown in Figure 1. With the existing mechanisms, the only way to provide alternative transmission occasions for the lost repetition(s) occasion(s) is to use a dynamic grant. The gNB should send a dynamic grant before the expiry of the timer to schedule a retransmission. This approach will increase the load on the downlink control signaling. One possible solution could be to change the NDI toggling rule for configured grant transmissions. Instead of relying on a timer, the UE can flush the buffer of a HARQ process ID associated with CG transmission after performing a set number of (non-cancelled) transmissions.
The support of different type of services can result on prioritization/pre-emption of eMBB traffic. This issue is equivalent to TDD problem, where instead of losing resources for downlink transmission, resources are taken by higher priority traffic. Thus, enhancements addressing the dynamic TDD problem described earlier could potentially be useful in mixed traffic type scenario as well. 
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Operation in FR2
For operations in FR2, the gNB uses transmission/reception point (TRP) where a TRP serves a UE by establishing a narrow beam. The same TRP can serve multiple UEs with different beams (i.e. the same TRP can receive uplink transmissions from different UEs that can be using different beams) and consequently the time available for transmissions between a UE and a TRP will be restricted. This issue can be solved by enabling the usage of multiple TRPs for uplink transmission as it has the benefit of increasing the time available for a UE and therefore enhance the coverage. For example, as shown in Figure 2, if the UE is served only by TRP A, only transmission during Slot 0 is possible because TRP A is not using appropriate beam during Slot 1 and Slot 2. Dynamic beam change allows the UE to transmit to TRP B and TRP C during Slot 1 and Slot 2. 
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Dynamic beam-switching is possible in NR for dynamic grant transmission, where a DCI can indicate the TCI state associated with the uplink transmission. The UE uses the same beam for initial transmission and the repetition(s). A limitation here is that the UE cannot use different beams between initial transmission/repetitions. Furthermore, for UL configured grant transmissions, it is not possible to dynamically change the UL beams for both the initial transmission and its repetitions. It is possible to change beam between HARQ retransmissions but, as in the previous scenario, this requires UE-specific downlink control signaling. Potential solution to enhance beam switching mechanisms could be to support a dynamic beam-switching indication using, for example, a group-common signaling for the case of multiple-TRP transmission. Using group common signaling can help keeping the PDCCH overhead low as opposed to use UE-specific signaling.
Proposal: NR coverage enhancement SI includes techniques maximizing coverage without incurring excessive increase of downlink control signaling, such as:
· Configured grant repetition enhancements
· Beam switching enhancements, e.g. based on group-common signaling.
Conclusion
In this contribution we propose to include techniques maximizing coverage without incurring excessive increase of downlink control signaling in Coverage Enhancement study item. The following is proposed:
Proposal: NR coverage enhancement SI includes techniques maximizing coverage without incurring excessive increase of downlink control signaling, such as:
· Configured grant repetition enhancements
· Beam switching enhancements e.g. based on group-common signaling.

References
[bookmark: _Ref32420535][bookmark: _Ref47372105]RP-200861, “Revised SID on Study on NR coverage enhancements”, China Telecom.
image1.png
UL UL UL DL DL DL DL DL DL

PUSCH

=

RS
]
sy

]
]
]

Dropped PUSCH
repetition





image2.png




image3.svg
  


image4.png




image5.svg
        


image6.png




image7.png




