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1 Introduction

In Rel.15 NR, basic support of semi-persistent scheduling in UL was introduced in a form of two PUSCH transmission types which are distinct in the aspect of providing transmission parameters and activation/release by different ways: Type 1 by RRC and Type 2 by DCI. Although very small periodicities are supported, the overall reliability may not be optimized due to several restrictions imposed by the basic design and further enhancements are envisioned.
The part concerned with repetitions enhancements is now mostly discussed together with general PUSCH enhancements. One specific aspect in CG is potential introduction of HARQ ACK feedback and it was extensively discussed last meeting with the following observations made:
	Observations:

· PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.

· If a configured grant PUSCH resource is not shared by multiple UEs, 

· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).

Agreements:

· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated

Observation:

· If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 




In this contribution the enhancements to CG-PUSCH are discussed and analysed. Note, that it is expected that most of the work on multiple CG configurations relates to normative RAN2 work and therefore not discussed in details this time.
2 PUSCH Repetitions across Slots and Multiple Configurations
Both options currently discussed for PUSCH repetitions enhancements are applicable to CG-PUSCH as well. As it is explained in [1], the option with enabling repetitions with different starting positions and lengths in different slots provides better or comparable performance under minimized impact to UE implementation and procedures.
Furthermore, the option with enhanced repetitions across slots in combination with multiple configuration provides the desirable property of flexible starting position under fixed transmission duration. For example, as illustrated in Figure 1, although starting position is every two symbols, the total duration may be set to eight symbols. When the starting position approaches symbol #8, a second repetition in next slot is added so that the total duration is the same.
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Figure 1. Multiple configurations under enhanced PUSCH repetition

Link level comparative study of the schemes for repetitions is provided in our companion contribution [1], where it is concluded that single repetition in a slot and two repetitions across slots provides better performance in most of the cases.
Proposal 1

· For CG PUSCH, adopt the multi-segment transmission discussed in general PUSCH enhancements.
3 HARQ Feedback

As mentioned in Section 1, one more issue identified for configured grant is whether to introduce explicit HARQ-ACK feedback at least to improve situations when PUSCH and all its repetitions were not detected at gNB, so that there is no DCI scheduling retransmission which may be interpreted by a UE as a successful transmission.
The main contributor to the issue is potential UE detection problem based on DMRS. Concerns have been raised during past RAN1 meetings that DMRS detection performance may not be sufficient in satisfying ultra-reliability requirements of URLLC. However, according to the analysis in Figure 2, under 12 PRB bandwidth assumption for OFDM-based waveform, a cross-correlation threshold (X-axis) may always be found which provides detection of NR DMRS sequence in wide SNR range down to -7 dB.
[image: image2.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10

-4

10

-3

10

-2

10

-1

10

0

S

i

g

n

a

l

 

+

 

N

o

i

s

e

 

c

o

r

r

e

l

a

t

i

o

n

 

C

D

F

10

-4

10

-3

10

-2

10

-1

10

0

N

o

i

s

e

 

c

o

r

r

e

l

a

t

i

o

n

 

C

C

D

F

NR UL DMRS detection threshold, nPRB = 12, OFDM

SNR = -15 dB

SNR = -13 dB

SNR = -11 dB

SNR = -9 dB

SNR = -7 dB

SNR = -5 dB

SNR = -3 dB

SNR = -1 dB

SNR = 1 dB

SNR = 3 dB

SNR = 5 dB

SNR = 7 dB

SNR = 9 dB

SNR = 11 dB

SNR = 13 dB

SNR = 15 dB

Noise CCDF


Figure 2. DMRS sequence detection performance

Moreover, if multiple repetitions are configured, the probability of detection improves further. Thus, at this stage introduction HARQ feedback is not justified.
Observation 1

· There is no DMRS detection issue limiting performance of configured grant PUSCH.
4 Conclusions
In this contribution, we discussed potential enhancements to configured grant PUSCH transmission. As a results, we draw the following proposal and observation:
Proposal 1

· For CG PUSCH, adopt the multi-segment transmission discussed in general PUSCH enhancements.
Observation 1

· There is no DMRS detection issue limiting performance of configured grant PUSCH.
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