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[bookmark: _Ref513464071]Introduction
RAN approved a SI on NR coverage enhancements in RAN#86 [1]. The objective of the SI is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The services include eMBB and VoIP.
This contribution discusses techniques and principles that can be considered as starting point for potential introduction of enhancements targeted at improving coverage.
Potential sources of coverage gain
Before approval of the SI, an email discussion took place over the RAN reflector on potential enhancements to study [2]. Most enhancements target PUSCH and PUCCH since one can anticipate that these channels are limiting the coverage. One way of characterizing the techniques, used in [2], is by considering whether a technique affects operation in time, frequency, spatial, code or power domains. However, it may also be useful to characterize techniques in terms of the type of limitation they are addressing. Such characterization can help identify the most promising techniques for a given service and deployment scenario, once performance evaluation of the baseline is completed.
Diversity against fading
When the time or frequency span of resources available for the (re-)transmission of a TB is smaller than the coherence time or bandwidth of the channel, additional coverage may be gained by use of diversity in time or frequency. Corresponding enhancements include support for increased number of repetitions, enhanced frequency hopping and other techniques to increase the frequency span of the transmission.
Channel estimation
The network uses DM-RS to perform channel estimation. The optimum fraction of resources used for DM-RS may vary depending on channel conditions. If such fraction is outside the possible range with existing specifications, there is potential for some coverage gain. Potential techniques in that category include: Multi/cross-slot channel estimation, DM-RS less slot, Increased DMRS density.
Power efficiency
The UE may need to apply backoff to the transmission power as a function of the peak-to-average power ratio (PAPR) of the signal. Enhancements that enable reduction of PAPR and power backoff may thus improve coverage. Examples of techniques that have been mentioned include for example: Enhancement on pi/2 BPSK waveform and Low PAPR scheme (e.g. pi/4 BPSK).
Resource utilization
[bookmark: _GoBack]Coverage is maximized by utilizing all available resources in the time domain for the transmission carrying the data for the service. In practice, the resource may not be available at all time. For example, this occurs in the following situations:
· In TDD, when the channel is needed for downlink transmissions;
· In mixed traffic scenarios, when the UE needs to transmit a higher priority (e.g. URLLC) transmission;
· In FR2, when narrow beams are needed for (uplink) reception and when other UEs transmitting from different directions need to be served.

Coverage presents specific challenges for VoIP operation in TDD. VoIP SDUs are generated every 20 ms and need to be transferred within a certain latency budget of about 50 ms. This means that a transport block includes a single VoIP SDU and repetition needs to be applied to maximize coverage. In the case of LTE FDD, configuring TTI bundling with 4 repetitions and HARQ RTT of 12 ms maximizes the potential number of repetitions for a TB within the latency budget [3]. One can configure PUSCH repetition Type A in NR to achieve a similar objective in FDD. However, for TDD, some PUSCH repetitions overlapping with downlink slots would not be transmitted as shown in Figure 1. This obviously reduces coverage of this service compared to FDD since less received energy is available in average for PUSCH. Another effect is the increase in variance in terms of actual number of repetitions per TB, which further reduces coverage for a given target BLER of 2%. The latter effect could potentially mitigated by an enhanced repetition mechanism that would reduce such variance.
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[bookmark: _Ref40255780]Figure 1
Another challenge for coverage enhancement is the support of different type of services that 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 TDD problem described earlier could potentially be useful in mixed traffic type scenario as well. 
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. 
[bookmark: _Ref40280028]Figure 2
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There are some limitations in the current specification to allow dynamic control of uplink beams. For example, the SRI indication is configured semi-statically for configured grant PUSCH type 1. Another limitation is that the PUCCH beam cannot be dynamically adapted for some cases. For example, when PUCCH resource is not associated with a recent DCI (e.g. for scheduling request or for periodic/a-periodic CSI), it is not possible to dynamically adapt the beam. Potential techniques that may improve this include Enhanced multi-TRP transmission, UL beam management and Multiple-panel beam management.
Text proposal 
Potential enhancements can be classified based on the above framework for identifying how coverage gains may be obtained. We propose to include the following TP in a section of TR 38.830.
<<< Start TP >>>
Techniques may maximize coverage by improving the following aspects:
· Diversity in time, space or frequency
· Channel estimation
· Power efficiency
· Resource utilization
Table X-1 identifies potential enhancement techniques corresponding to each aspect. 
[bookmark: _Ref40346146]Table X-1: Potential techniques for coverage enhancement
	Aspect
	Potential enhancements

	Diversity 
(time, space or frequency)
	· Enhanced frequency hopping, e.g. inter/intra-slot hopping with more frequency positions.
· Frequency selective diversity, e.g. comb-like
· Intra-PUSCH hopping, e.g. finer granularity in time domain for one PUSCH
· Transmit diversity
· Spreading w/ CDM, e.g. PUCCH-like PUSCH

	Channel estimation
	· Multi/cross-slot channel estimation
· Overhead reduction, e.g. DM-RS less slot
· Increased DMRS density

	Power efficiency
	· Enhancement of power control
· Enhancement on pi/2 BPSK waveform
· Low PAPR scheme (e.g. pi/4 BPSK)
· Sub-PRB transmission, e.g. half PRB

	Resource utilization 
	· Enhanced repetition, e.g. increased number of repetitions
· Enhanced repetition mechanism to overcome frequent cancellation of the repetition due to DL/UL collision for TDD
· Enhanced multi-TRP transmission e.g. dynamic switching of TRP 
· UL beam management, Multiple-panel beam management
· Early termination of PUSCH repetition
· Finer retransmission, e.g. More RVs



<<< End TP >>>
Proposal 1: Include list of potential techniques for coverage enhancement in TR 38.830, based on included TP.
Conclusion
This contribution discussed issues and potential techniques to be studied as part of the coverage enhancement SI. We propose to include a list of enhancement aspects and corresponding techniques in the technical report. 
Proposal 1: Include list of potential techniques for coverage enhancement in TR 38.830, based on included TP.
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