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Motivation
In RAN#90e, NR coverage enhancement was approved as a work item [1] that will address the following objectives
· 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]

Further, the following are the coverage goals that should be achieved using these enhancements as agreed in [2]-
1. For Scenario dependent targets, e.g., ISD/MPL
· For each scenario, multiple target ISD values can be used to draw observations, and a single target ISD value can be used to identify bottlenecks (if applicable)
2. Target ISD values for each scenario are as follows:
· Urban 4GHz TDD –400, 500m for observation and 400m for bottleneck identification 
· Urban 2.6GHz TDD –400, 500m for observation and 400m for bottleneck identification
· Rural 4GHz TDD NLOS O2I – 1732 and 3000 m for observation and 1732m with 33dBm/MHz BS transmit power for bottleneck identification
· Rural 2.6 GHz TDD NLOS O2I – 1732m for observation and bottleneck identification
· Rural 2 GHz FDD NLOS O2I – 1732m for observation and bottleneck identification
· Rural 700MHz FDD NLOS O2I –3000m, 4000m for observation and 4000m for bottleneck identification
In this document, we will discuss about how TB processing over multiple slots can be used to enhance the coverage of PUSCH channel. We focus on the Rural 4GHz deployment scenario. 
On TB processing over multiple slots for PUSCH
The specification should support uplink narrowband operation with sustained UE scheduling over multiple slots under low SINR conditions. This could consider TBS size calculation enhancements to support transmissions over multiple UL slots i.e., TB processing over multiple slots. We have shown the benefits of TB processing over multiple slots in our previous contribution [3]. Here, we explain more details on the number of slots required to be aggregated to achieve the necessary coverage goals and the necessary changes required in the specifications.  
We propose to consider TBS_scaleK as a parameter defining the number of slots for which a single TB has to be generated. This parameter can be signalled semi-statically to a coverage limited UE as identified by the base station via RRC signalling or via DCI signalling through a new DCI format dedicated for coverage limited UEs with small DCI size which can be decoded even under extreme coverage conditions.  
Below, we explain the step-by-step procedure of TB processing in the case of both eMBB and VoIP. 
Enhancement for eMBB
In the case of conventional eMBB systems, a TB spans a  number of symbols with  number of PRBs. A higher  value results in an increase of effective noise power at the receiver, which eventually results in lower MIL and MPL values which directly reduce the UE coverage. Hence, MIL and MPL values can be increased by decreasing the number of PRBs which amounts to narrow-banding operation. However, to maintain the data rates such as to achieve the target data rates of 100Kbps, when the frequency domain resources are reduced, the time domain resources may be increased i.e., by aggregating the slots. 

Let TBS_scaleK be the number of slots that has to be aggregated for the resource allocation for a UE. TBS_scaleK is sent to the UE as a variable parameter. Below a systematic procedure to employ the TB processing over multiple slots is explained.
1. For the given time-frequency resources, calculate the transport block size ‘TB’  for one slot according the Clause 6.1.4.2 in [5] as in the existing scenarios. The frequency domain resources are indicated to the UE for 1 slot via the DCI format when the existing DCI format is used and RRC signalling is used to indicate TBS_scaleK. When a new DCI format is introduced to indicate TBS_scaleK, then also the gNB may continue to indicate the frequency domain resources for 1 slot only. 
2. Next, the transport block size that spans TBS_scaleK slots is obtained as,
. 
3. Attach a single CRC to  and transmit over TBS_scaleK slots over the same number of frequency resources indicated in step-1.
4. The CRC removal at the receiver is performed after the reception of TBS_scaleK slots.
The performance of the proposed method for the scenario described in Table-1 is shown below that have been chosen to achieve the target data rate of 100 kbps for eMBB.
Table 1: PUSCH settings for TB processing over multiple slots for eMBB
	Parameter
	Value

	Channel model
	Rural NLOS, TDL-C, 300ns

	Waveform
	DFT-s-OFDM

	MCS 
	3

	PRBs 
	4 (for TBS_scaleK = 1), 1 (for TBS_scaleK = 4)

	SCS
	30kHz

	DMRS
	2 in a slot (2nd and 11th symbols)

	Number of Transmit Chains
	1

	Number of Receiver Chains
	2

	Slot aggregation
	4, TBS calculated using the number of slots aggregated. 

	Data rate
	100kbps

	Frame structure
	DDDSU



Figure: BLER comparison with (TBS_scaleK =4) and without (TBS_scaleK = 1) slot aggregation for eMBB 
The BLER performance with TB processing over multiple slots is similar to that of without such slot aggregation. However, the link budget gain comes in the form of reduction in the effective noise power in the link budget. A decrease in the frequency domain allocation by a factor of 4 results in a 6dB gain in the effective noise power. 
The number of slots aggregated can depend on the required data rates. Based on the frame structure informed to the UE by the gNB, the UE may calculate the number of consecutive full UL slots for the above TB calculations. In the case of special slots, the TB calculation may change based on the number of UL resources available in the special slots. This aspect may be further studied if deemed necessary. 
Enhancements for VoIP:
As per previous agreements, VoIP has a throughput requirement of 320 bits to be achieved over 20 msec. A TB is commonly generated for a given time-frequency resources and it is transmitted over one slot duration. Depending on the slot format, this TB is repeated and retransmitted over all the available uplink slots within the 20 msec duration to ensure successful decoding.

As explained in Section 2.1.1, a higher number of PRBs results in higher effective receiver noise power. In addition to this, a higher number of repetitions/retransmissions in the 20msec duration allows VOIP operation at lower SNRs. However, at such low SNR the channel estimation loss is high. Therefore, there is a trade-off to the gains obtained by allowing repetitions versus the loss in performance due to realistic estimation procedure. 

To address this, a method similar to the one discussed in Section 2.1.1 can be used for VOIP. The number of PRBs over which transmission takes place can be reduced while the resources can be compensated with all the available uplink slots in the 20msec duration. We show the performance obtained using this method for the scenario described in Table-2. 


Table 2: PUSCH settings for TB processing over multiple slots for VoIP
	Parameter
	Value

	Channel model
	Rural NLOS, TDL-C, 300ns

	Waveform
	DFT-s-OFDM

	MCS 
	1

	PRBs 
	8 (for TBS_scaleK = 1), 1 (for TBS_scaleK = 8)

	SCS
	30kHz

	DMRS
	2 in a slot (2nd and 11th symbols)

	Doppler
	120kmph

	Number of Transmit Chains
	1

	Number of Receiver Chains
	2

	Slot aggregation
	8, TBS calculated using the number of slots aggregated. 

	Data rate
	320 bits in 20 msec

	Frame structure
	DDDSU
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Figure: BLER comparison with (TBS_scaleK =8, proposed method) and without (TBS_scaleK = 1, conventional method) slot aggregation for VoIP
As seen in the figure above, the channel estimation losses are less when the number of PRBs are reduced but number of slots used is higher. Further, the BLER performance with slot aggregation sees a loss of around 7 dB compared to without slot aggregation. However, the gain comes in the form of reduced effective noise power wherein the transmission with slot aggregation sees a gain of 9 dB in effective noise power. Hence, an effective gain of around 2 dB in the link budget can be obtained. 

Based on the results in above two sections, we have the following proposal –
Proposal: The gNB signals a TBS_scaleK factor to the UE which indicates the number of slots over which the UE must calculate the effective transport block size using the frequency domain resources indicated via the DCI. The frequency domain allocation is assumed to be the same across TBS_scaleK slots. The number of slots to aggregate can vary between 1,2,4, and 8. If not indicated, the UE only assumes 1 slot processing. 
References
[1] RP-202928, New WID on NR coverage enhancements 
[2] RAN1 Chairman’s Report, RAN1#103e, November 2020.
[3] R1-2007905, PUSCH coverage enhancements, IITH, CeWiT, IITM, Reliance Jio, Tejas Networks.

image1.png
BLER

100

102

[~ Single skt ransmission
——+— 4slol ransmission

10




image2.png
BLER

100

107

" Proposed method, True channel
|—+— Conventional methad, True channel
|—— Conventional method, Estimated channel
——+— Proposed method, Estimated channel

5
SNR(dB)





