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Introduction
The ITU target for URLLC reliability in IMT 2020 has been set to 10-5 error within 1ms for a 32B packet [1]. To reach the latency requirement configured grant has been identified as a key feature. In this contribution we discuss uplink precoding as a feature to improve robustness in combination with configured grant.   

Discussion
NR supports both codebook-based and non-codebook-based UL precoding where the codebook-based relies on the precoder being indicated in the uplink grant as in LTE. UL precoding can provide considerable improvements as illustrated in Figure 1.
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[bookmark: _Ref510510358]Figure 1: Effective UL SINR with and without UL precoding. Simulation parameters according to Table 1 in Section 5. Precoding is limited to rank 1 LTE Rel-10 precoders on 4 antenna ports. For “No Precoding” transmissions are performed on a single antenna element.
Precoding can give significantly improved robustness to URLLC. 

NR supports two types of configured grant, Type 1 and Type 2. Type 2 configured grant is dynamically activated and deactivated using L1 signalling. Using UL precoding in combination with configured grant the Type 2 is likely the most effective way since updating the precoder of the configured grant for Type 2 only requires L1 signalling. Precoder update of the configured grant can be achieved by a DCI indicating activation of the configured grant where the “activation” DCI comprises the updated precoder.

Precoder update for configured grant Type 2 can be achieved using configured grant “activation” DCI. 

However, to benefit from precoding, the precoder needs to be frequently updated using an “activation” DCI. Furthermore, the UE shall confirm Type 2 “activation” DCI by triggering a configured grant confirmation [2]. The confirmation from the UE is a triggered MAC control element that will be transmitted on the configured grant resource. Frequently updated precoders for configured grant Type 2 may lead to significant “confirmation” signalling on the configured grant resource. Since the configured grant may be a shared resource among many UE to increase capacity this “confirmation” signalling is likely undesirable.     

Precoder update for configured grant Type 2 using configured grant “activation” DCI leads to undesirable control signalling on configured grant resource especially when it is a shared resource.   
 
It may hence be desirable to avoid “confirmation” signalling on the configured grant resource when only the precoder is updated for the configured grant Type 2. But to avoid error propagation (wrong precoder used due to missed updating DCI) some sort of confirmation is needed. 
In scenarios where UL precoding is desirable to be used, also DL precoding can be expected to be used. This holds true also in scenarios where the UE has no DL data traffic since uplink grants are carried by PDCCH that also may need to be pre-coded. Hence, DL CSI including DL precoding information may be needed for PDCCH precoding. 
Since, DL CSI can be a-periodically triggered using a UL grant resulting in a PUSCH transmission, a pre-coded PUSCH transmission comprising an a-periodic CSI report is clearly a confirmation that the UE received the UL grant. Such CSI reports are likely not desirable to be carried on the configured grant resource either but rather on a separate resource. Hence, a UE supporting UL precoding configured with configured grant Type 2 may likely receive other UL grants that could update the precoder of the configured grant and where the transmissions according to the other grants may serve as confirmations of configured grant precoder update. We make the following observation. 

Precoder for configured grant Type 2 can be updated from other (dynamic) UL grants wherein the transmissions according to the other grants may serve as confirmation of updated precoder for the configured grant. Pre-coded UL transmission comprising a DL CSI report is an example of such transmissions.        

Conclusion
In this contribution we made the following observations:
 
1. Precoding can give significantly improved robustness to URLLC.
Precoder update for configured grant Type 2 can be achieved using configured grant “activation” DCI. 
Precoder update for configured grant Type 2 using configured grant “activation” DCI leads to undesirable control signalling on configured grant resource especially when it is a shared resource.  
Precoder for configured grant Type 2 can be updated from other (dynamic) UL grants wherein the transmissions according to the other grants may serve as confirmation of updated precoder for the configured grant. Pre-coded UL transmission comprising a DL CSI report is an example of such transmissions.  
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	Numerology
	7000 TTIs/sec, 30 kHz SCS, 4 OFDM/TTI

	Duplex
	FDD

	Propagation
	ITU UMa Model B

	Carrier frequency/bandwidth
	700 MHz, 20 MHz (50 PRBs)

	Deployment
	Hexagonal Grid, One 3-sector site

	BS TX power
	46 dBm

	UE TX power
	23 dBm

	ISD
	500 m

	BS antenna configuration
	4 TX/RX, 2x1 X-pol antenna array, separation = 0.5 lambda, height= 25 m

	UE antenna configuration
	1x2 X-pol, separation = 0.5 lambda 
No precoding: 1 TX
Precoding: 4 TX, LTE Rel-10 rank 1 precoders

	PDCCH
	2 symbols (symbol #0-#1), 6 REGs/CCE, ¼ DMRS overhead

	PDSCH
	2 symbols (symbol #2-#3), DMRS: 6 RE per PRB

	Short PUCCH
	1 symbol (symbol #3)

	PUSCH
	2 symbols (symbol #0-#1), not frequency-multiplexed with PUCCH, DMRS: In symbol #0

	Traffic model 
	Periodic packets of size 32 B on application level. TBS comprises overhead for PDCP, RLC UM and MAC 

	UE distribution 
	No eMBB traffic 
80% outdoor: 30 km/h
20% indoor: 3 km/h
30 UEs in 3 sectors, i.e. on average 10 UE per sector

	Mobility 
	Multi-path only (no macro mobility)

	BS receiver 
	MMSE-IRC

	UE receiver
	MMSE-IRC

	CSI
	A-periodic CSI targeting every 5th TTI

	SRS
	Cell-specific SRS resource: every 5th TTI, UE SRS period: every 10th TTI, PUSCH rate-matched around SRS 

	Impairments 
	Ideal channel estimation



 
[bookmark: _In-sequence_SDU_delivery]
	4/4	
image1.tif
CDF

09

08

07

06

05

04

03

02

01

Precoding

No Precoding

15
UL SINR [dB]

2




