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Introduction
In June 2018’s 3GPP Plenary meeting, the eURLLC study item has been introduced to enhance NR URLLC in reliability and latency. The study item will investigate methods to improve reliability and reduce latency for the use-cases (like factory automation, transport industry and electrical power distribution) that have higher requirement in reliability and latency than the studied use-cases in Rel-15.  Some of supported use-cases in Rel-16 require reliability in the level of 1E-6 and latency in the level of 0.5 ms to 1 ms.
To reduce latency for uplink transmission, Grant-free transmission is preferred for periodic traffic. Since, scheduling delay would be omitted in Grant-free uplink transmission.
In this contribution, we discuss the enhancements to Rel-15 uplink grant free transmission to achieve better reliability and latency.

[bookmark: _Ref178064866]Discussion 
[bookmark: _Toc509587768][bookmark: _Toc510645898][bookmark: _Toc521307986][bookmark: _Toc521308044][bookmark: _Toc521402567][bookmark: _Toc521410976][bookmark: _Toc521508354]Pre-coder Update for SPS UL
NR supports both codebook-based and non-codebook-based UL precoding where the codebook-based UL relies on the precoder being indicated in the uplink grant as in LTE. UL precoding can provide considerable improvements as illustrated in Figure 2.

[bookmark: _Toc521410978][bookmark: _Toc521508356][bookmark: _Toc521695965]Precoding can give significantly improved robustness to URLLC. 
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[bookmark: _Ref510510358]Figure 2: Effective UL SINR with and without UL precoding. Simulation parameters according to Table 1. 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.
[bookmark: _GoBack]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, 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 indicates the updated precoder.

[bookmark: _Toc521410979][bookmark: _Toc521508357][bookmark: _Toc521695966]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.     

[bookmark: _Toc521410980][bookmark: _Toc521508358][bookmark: _Toc521695967]Precoder update for configured grant Type 2 using configured grant “activation” DCI leads to undesirable MAC 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 persistent use of wrong pre-coder (used due to missed updating DCI) some sort of confirmation is needed. 
In scenarios where UL precoding is desirable to be used, DL precoding can be expected to be used as well. 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 reports 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. 

[bookmark: _Toc521410981][bookmark: _Toc521508359][bookmark: _Toc521695968]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.        

Explicit HARQ ACK/NACK
To improve reliability, HARQ-based retransmission is another solution. 
In NR rel-15 (with implicit HARQ ACK/NACK), it is specified in the MAC spec that UE starts a timer when a MAC PDU is sent on the configured grant and flushes the buffer for new data when that timer expires. In other words, the UE assumes an implicit HARQ ACK after the timer expires. A dynamic grant for retransmission can be sent before the timer expires. This retransmission grant effectively serves as an HARQ NACK.  
Configured grant occurs periodically, and it does not make sense for MAC to send a packet if the buffer is empty. Thus, a skip uplink transmission mechanism is introduced, with the intention to save energy and reduce interference. 
However, this leads to an error case that might be crucial to fulfil a very demanding URLLC requirement, like 10^-6. The problem is that UE cannot distinguish the two cases, since in both cases UE should not expect any response from the gNB:  
1. MAC PDU is received at the gNB and gNB correctly decode that, i.e., no need for gNB to send re-tx grant (actually the only possible feedback to send from gNB). 
2. MAC PDU is not even energy detected at gNB, i.e., gNB is not aware that UE attempted an uplink transmission on that configured UL grant.
If an explicit HARQ feedback (more precisely, only HARQ ACK is needed) is introduced, then it increases resource usage. It is worthwhile to study the trade-off in more details in further steps.
[bookmark: _Toc521695997]Further study the pros and cons of implicit and explicit HARQ ACK/NACK for UL configured grant.

Changing allocation for configured grant
For latency-critical traffic such as URLLC the use of configured grant may be required to meet the latency requirements. For URLLC the latency requirements may be so tight that a configured grant needs to assign resources to each UE in consecutive TTI although the packet inter-arrival period may span several TTI. Support for URLLC may be even demanding since robustness requirements of URLLC may prevent a scheduler from assigning the same frequency resource to multiple UEs. The scheduler may hence need to assign a dedicated frequency resource to each one of the UEs with a configured grant. This means that a configured grant UE may “reserve” a part of the frequency band that cannot be used for other traffic such as eMBB since otherwise the scheduler may fail to meet URLLC performance requirements. A frequency resource allocation consists of a set of PRBs (Physical Resource Block). 

When SC-OFDM (Single-Carrier Orthogonal Frequency-Domain Multiplex) is used in the UL for a UE supporting URLLC traffic, the use of contiguous frequency allocations is required, i.e. the allocation consists of the PRBs from a starting-PRB to an ending-PRB with no gaps between the allocated PRBs. This means that it is desired to avoid the frequency resource being scattered since otherwise the possible frequency resource allocation sizes available for UEs supporting eMBB traffic will be smaller, see Figure 1. 
[bookmark: _Toc521695969][bookmark: _Hlk521678816]At least for SC-OFDM and when configured grant is used it is desired to maintain the un-used resources to be un-scattered to enable large contiguous allocation to be used for grant-based transmissions (e.g., eMBB).  
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[bookmark: _Ref517852643]Figure 1: Illustration that larger allocation for eMBB UE is possible when resource in un-scattered
 
There is hence a desire for the scheduler to keep configured grants together to have a large contiguous “un-reserved” resource that can be scheduled to other traffic. This means however that if the frequency allocation needs to be or is desired to be changed for one configured-grant UE several other UEs are impacted. The most likely reason why an allocation needs to change for a UE is that radio conditions change. When radio conditions get worse more robust coding scheme is needed where the allocation of additional bandwidth (PRBs) is the most feasible way of realizing the number of available Resource Elements, especially considering that maintaining a short TTI is a typical requirement for URLLC traffic. 

If scheduler can tolerate some degree of PRB scattering the number of affected UEs can be minimized, but in most cases more than one UE will be affected when the bandwidth allocated to a given UE needs to be increased (or reduced). For every UE impacted by such a change a corresponding DCI needs to be sent indicating the change. Figure 2 shows three examples how a change in allocation of UE1 may impact the allocation for at least one more UE. 
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[bookmark: _Ref517853566]Figure 2: Illustration wherein an increase of allocation for UE1 affect at least one more UE. Ex 1, Ex 2 and Ex3 are three examples how the new allocation may look after the re-distribution has been done.   
As shown in the figure the resulting resource is somewhat scattered which will have a negative impact on the scheduling flexibility. To completely avoid the resource to be scattered the allocation for all UEs need to change. Hence, there may potentially be many DCIs to be sent just because the allocation size for one UE needs to change.  
[bookmark: _Toc521695970]When a configured grant allocation need to change due to e.g. changing radio environment several DCIs are needed to maintain the un-used resource to be un-scattered. To maintain the un-used resource to be un-scattered is control channel costly.
In many cases when the configured grant updates for other UEs just to keep the un-used resource un-scattered does not need to change in terms of TBS and coding scheme. In many cases the update of the configured grant may in many cases be a pure translation of the frequency location for the allocation. Hence, several of the updating DCIs may be a pure update of the allocation not changing other transmission parameters than where in the frequency band the UE transmits. Therefore, we propose:  
[bookmark: _Toc521695998]Study methods for efficient modification of allocation without changing other transmission parameters, e.g. introducing a group-common DCI indicating allocation changes. 

Conclusion
In section 2 we made the following observations:
Observation 1	Precoding can give significantly improved robustness to URLLC.
Observation 2	Precoder update for configured grant Type 2 can be achieved using configured grant “activation” DCI.
Observation 3	Precoder update for configured grant Type 2 using configured grant “activation” DCI leads to undesirable MAC control signalling on configured grant resource especially when it is a shared resource.
Observation 4	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.
Observation 5	At least for SC-OFDM and when configured grant is used it is desired to maintain the un-used resources to be un-scattered to enable large contiguous allocation to be used for grant-based transmissions (e.g., eMBB).
Observation 6	When a configured grant allocation need to change due to e.g. changing radio environment several DCIs are needed to maintain the un-used resource to be un-scattered. To maintain the un-used resource to be un-scattered is control channel costly.

Based on the discussion in section 2 we propose the following:
Proposal 1	Further study the pros and cons of implicit and explicit HARQ ACK/NACK for UL configured grant.
Proposal 2	Study methods for efficient modification of allocation without changing other transmission parameters, e.g. introducing a group-common DCI indicating allocation changes.
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[bookmark: _Ref510510127]Table 1: System simulation parameters
	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
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