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1 Introduction

In RAN1#89 [1], the following agreements were achieved
Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:

· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

· Each periodicity is supported for particular SCS(s)/slot duration(s)

· FFS: details

In this contribution, the analysis of DL URLLC transmission in TDD is provided. In TDD, it is shown that for 15kHz SCS, a DL/UL switching point of 0.5ms is insufficient to support the 0.5ms one way latency requirement. The maximum DL/UL switching periodicity should not be longer than 0.25ms. Both 0.125ms and 0.25 ms should be supported for 60kHz SCS for the purpose of URLLC in TDD configurations.
2 Latency analysis for URLLC in TDD
2.1 Latency analysis in TDD DL
In TDD, a DL/UL switching point of 0.5ms could not always meet 0.5ms one-way latency requirement. For example, when a URLLC DL package arrives right after the beginning of a UL slot, the package has to wait until the next DL slot is available. In this case, 0.5ms waiting time is almost unavoidable. For 15kHz SCS, 0.5ms DL/UL switching point may be able to support 0.5ms one way latency using some special frame structures (e.g. a slot with 3 DL symbols, 1 GP symbol and 3 UL symbols). However, GP overhead of these frame structures is too large due that at least one 15kHz SCS symbol needs to be reserved as GP, more than 7% overhead. This is a very inefficient way to support URLLC in TDD structure. Hence, with a DL/UL switching point smaller than 0.5ms as well as larger SCS should be considered in order to efficiently meet 0.5ms one-way latency in TDD.
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Figure 1 Frame structure with 60 kHz SCS and 7-symbol for TDD
An example of 0.25ms DL/UL switching point is given in Figure 1. The more frequent DL/UL switching point, the shorter latency. To meet one way latency of 0.5ms, at least 0.25ms DL/UL switching point should be supported in TDD.
Table 1 DL latency analysis in TDD
	Step
	Description
	60 kHz SCS

[7-symbol scheduling interval]
	60 kHz SCS

 [4-symbol scheduling interval]

	1
	BS Processing Delay
	125 us
	125 us

	2
	Frame Alignment
	62.5 us
	62.5 us

	3
	TTI duration
	125 us
	71.4 us

	4
	UE Processing Delay
	150 us
	150 us

	
	Total one way delay
	462.5 us
	408.9 us


In TDD latency analysis, the time for UL/DL switching should be taken into account. For example, if a DL URLLC packet arrives during a UL transmission slot, the DL transmission demand has to wait until the next DL transmission slot is available. More details of latency analysis for TDD could be found in Table 1. It can be seen that the 0.5ms one-way latency could be satisfied by utilizing 60kHz-SCS slots even though 7 symbols are included into a slot. If the symbol number is reduced to 4, smaller latency could be achieved, but the RS/control overhead would increase correspondingly.
Observation 1: For TDD DL, the DL/UL switching point should be no longer than 0.25ms.
2.2 Latency analysis in TDD UL
To accommodate sporadic URLLC UL traffic, two options can be considered; grant-based and grant-free transmission. Compared to grant-free transmission, grant-based transmission includes additional delay due to scheduling request, gNB decoding delay of the scheduling request, transmission of UL grant, and UE decoding delay of the grant. 

In Figure 2, we show an example of TDD where network configures UL-dominated sub-frame of 0.25ms (Case a) and 0.125ms (Case b) duration to support UL URLLC traffic, based on 60 kHz SCS. Network provisioning of resources and frame structure can be based on the QoS requirement and number of URLLC UEs.  As can be seen from Table 2 that for meeting one way latency of 0.5ms, scheduled transmission may not be possible for 0.25ms sub-frame duration, whereas grant-free can be supported in both cases, if 0.15ms suffices for gNB decoding (assuming 10x reduction compared to LTE). Even though receiving grant and UL transmission in same sub-frame is envisioned for NR, it needs further study whether one 60 kHz symbol (~18us) is enough for decoding the grant, encoding the data based on the grant, and necessary timing advance procedure at the UE. For grant-free, this problem is avoided and both 0.125ms and 0.25ms duration can be used. 
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Figure 2: Scheduled UL transmission, 60 kHz, with self-contained duration of 
a) 0.25ms,   b) 0.125ms.

Table 2: One way latency comparison of grant-based and grant-free transmission for UL-dominated SF (TDD) 

	Description
	Value for Grant-based (μs)
	Value for Grant-free (μs)

	
	Case a
	Case b
	Case a
	Case b

	
	
	
	
	

	Avg delay to next SR opportunity (grant-based) /
Avg delay to next UL opportunity (grant-free/SPS)
	125
	62.5
	 125
	 62.5

	UE sends SR
	17.84
	17.84
	x
	X

	gNB decodes SR and generate grant
	250
	125
	x
	X

	gNB sends grant
	17.97
	17.97
	x
	X

	UE processing delay (decoding grant + encoding packet)
	267.84 
	142.84 
	x
	X

	UL transmission
	196.37
	71.36
	196.37
	71.36

	eNobeB decoding delay
	150
	150
	150
	150

	Total
	1025.02 
	587.51
	471.37
	283.86


Observation 2: For TDD UL, the DL/UL switching point should be no longer than 0.25ms for grant free transmission, and no longer than 0.125ms for grant based transmission.
Proposal 1: Both 0.125ms and 0.25 ms DL/UL periodicity for 60 kHz SCS are supported.
2.3 Latency analysis in TDD considering SS block mapping pattern
During the discussion on SS blocks mapping, one SS block mapping pattern for 30kHz was agreed to meet the 0.5ms URLLC latency targets. Here we investigate the details on how to support URLLC with this SS block mapping pattern in TDD.

We first investigate URLLC transmission with 30kHz SCS. The first 14 OS consisting of 2 candidate SS blocks is shown in Figure 3. In order to support 0.25ms DL/UL switching point, only one candidate SS block can be sent and therefore there are two options in Figure 3. When 30kHz SCS is configured for URLLC, it can be seen that Option 1 cannot support 0.25ms DL/UL switching point and only Option 2 can work. This is because for Option 1, SS block is starting from symbol #2. It is not possible to assign a ‘gap’ symbol of 30kHz and a ‘UL’ symbol within the first 7 OS sending the candidate SS block. 
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Figure 3 URLLC transmission with 30kHz SCS
We then investigate URLLC transmission with 60kHz SCS. It can be seen that both options can meet the latency requirement. However, for Option 1, symbol #6 at 30kHz SCS cannot be used for the UEs not configured with 60kHz SCS, because it is not possible to assign a ‘gap’ symbol and a ‘UL’ symbol within the first 7OS sending the candidate SS block. As a result, when there are many eMBB UEs configured with 30kHz SCS, symbol #6 needs to be reserved when Option 1 is applied and the resource utilization of the system is reduced. For Option 2, no impact to system’s resource utilization is observed. 
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Figure 4 URLLC transmission with 60kHz SCS
Based on the analysis above, we have 2 observations:
Observation 3：60kHz SCS URLLC can work better with the 30kHz SS block mapping pattern designed for URLLC.
Observation 4: SS block mapping pattern Option 2 provides better support for URLLC. If the first 7OS needs to be DL dominant, an offset can be introduced between the SS block and frame boundary.

2.4 A/N timing for PDSCH in TDD
In RAN1 #85, it was agreed that timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values, with the set of values configured by higher layer. 
For URLLC, non-slot scheduling can be used to reduce latency. Then the URLLC data transmission can start and end in any position of a slot, as well as the A/N feedback corresponding to the data. The timing between data and its A/N feedback can hardly be fixed. Secondly, the PUCCH length in NR has more than one choice. As Figure 6 shows, A/N timing can be different with different PDSCH position and different PUCCH length. 
UE capability is another aspect that should be considered. As (b2) case in Figure 5, when 2 symbol PUCCH is used, UE can only feedback in the second slot because it can hardly finish data decoding within only one symbol duration. In this case, the exact value for A/N timing will be large (8 in this example).
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Figure 5 A/N feedback timing in different scenarios
Finally, for TDD, as the ratio between DL and UL resource varies dynamically, A/N feedback problem becomes more complicated. The A/N timing value can hardly be set when the scheduling DCI is sent, which may restrict the DL/UL resource scheduling in the following slot.
Based on the above discussion, the range of the A/N timing values will be very large to cover all the possibilities. If the DCI is used to indicate the A/N timing, excessive payload size is needed. And it may restrict the DL/UL resource scheduling in the following slot. On the other hand, a limited size of timing field in DCI will be ambiguous. Further predefined timing rules can resolve the ambiguity issues and excessive payload size issues. 
For URLLC, PDCCH reliability can be achieved by decreasing DCI size. The A/N timing field used in DCI can be considered to be removed in the compact URLLC DCI. Fixed timing or timing configured by higher layer seems a straightforward way to replace timing indication in DCI. The predefined timing rules can potentially work along fine with timing configured by higher layer.
Observation 5：The URLLC data transmission can start and end in any position of a slot, and the ratio between DL and UL resource varies dynamically in TDD. This makes fixed or deterministic timing field hard to work without ambiguity or without excessive payload size.
Observation 6：Further predefined timing rules is needed to help the A/N timing field work without ambiguity or excessive payload size.
Some predefined rules can be used in TDD mode for A/N timing. URLLC UE can get the knowledge of exact position of DL and UL symbols by decoding SFI. Then according to the predefined rules, and either indication in the DCI or some higher layer signaling, as well as its feedback capability, URLLC UE can use the earliest available UL PUCCH resource to feedback A/N.
Proposal 2: For non-slot based URLLC, NR considers predefined rules for A/N timing, where UE feedback capability is taken into account.
3 Conclusions
In this contribution, we have analyzed the support of latency and reliability for URLLC TDD. Thus, there are the following observations and proposal:
Observation 1: For TDD DL, the DL/UL switching point should be no longer than 0.25ms.
Observation 2: For TDD UL, the DL/UL switching point should be no longer than 0.25ms for grant free transmission, and no longer than 0.125ms for grant based transmission.
Observation 3：60kHz SCS URLLC can work better with the 30kHz SS block mapping pattern designed for URLLC.
Observation 4: SS block mapping pattern Option 2 provides better support for URLLC. If the first 7OS needs to be DL dominant, an offset can be introduced between the SS block and frame boundary.
Observation 5：The URLLC data transmission can start and end in any position of a slot, and the ratio between DL and UL resource varies dynamically in TDD. This makes fixed or deterministic timing field hard to work without ambiguity or without excessive payload size.
Observation 6：Further predefined timing rules is needed to help the A/N timing field work without ambiguity or excessive payload size.
Proposal 1: Both 0.125ms and 0.25 ms DL/UL periodicity for 60 kHz SCS are supported.
Proposal 2: For non-slot based URLLC, NR considers predefined rules for A/N timing, where UE feedback capability is taken into account.
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