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1 Introduction

In RAN1#88bis meeting [1], the following agreement was achieved about semi-static assignment of DL/UL transmission direction for NR: 
Agreements:
· From UE signaling perspective,

· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings

· A periodicity where the configuration applies; 

· FFS: Detailed periodicity set; 

· FFS: how to achieve the signaling of periodicity

· A subset of resources with fixed DL transmission;

· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;

· A subset of resources with fixed UL transmission;

· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;

· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;

· FFS: Other resources not indicated as “fixed UL” or “fixed DL” or “reserved/blank” can be considered as “flexible resource”, where transmission direction can be changed dynamically.

In NR Ad-Hoc meeting [2], the following agreement was achieved about timing relationship:
Agreements:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing
Note that the timing between DL assignment and corresponding DL data transmission is referred to as K0, the timing between UL assignment and corresponding UL data transmission is referred to as K1, and the timing between DL data reception and corresponding acknowledgement is referred to as K2.
In this contribution, we will discuss how to indicate timing relationship (focus on K1 and K2) with semi-static DL/UL assignment. 
2 Discussion on timing design with semi-static DL/UL assignment
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Figure 1: Example of semi-static DL/UL assignment 
As shown in Figure 1, in some deployment scenarios, such as for Macro coverage, all the resources within a configured periodicity may adopt fixed transmission direction to avoid potential cross-link interference caused by dynamic TDD.
Like TD-LTE, when no dynamic slot is used, timing relationship for each slot can be pre-determined, and then DCI indication is not necessary to reduce DCI overhead. In latter discussion, we will suggest a no DCI indication involved timing indication mechanism for this case.
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Figure 2: Example of hybrid semi-static and dynamic DL/UL assignment 
Figure 2 illustrates an example of hybrid semi-static and dynamic DL/UL assignment, where within a configured periodicity (e.g., 10 slots), some slots adopt fixed DL transmission direction, and other slots adopt fixed UL transmission direction, while the remains slots (a.k.a. dynamic slots) can dynamically change their transmission direction.

As agreed in NR Ad-Hoc meeting [2], for efficiently indicating timing relationship associating with dynamic slots, DCI indication with higher layer signaling configuration may be preferred. In latter discussion, we will suggest a pre-configuring potential available slot set based DCI indication involved timing indication mechanism to reduce DCI overhead for this case.
2.1 Timing design for semi-static DL/UL assignment 
For TDD operation with semi-static DL/UL assignment without dynamic resource case, it is suggested to support one operation that the timing relationship (e.g., K1 and/or K2) can be indicated by RRC signaling without DCI indication, so as to reduce DCI overhead. Compared with LTE whose timing relationship is fixed by specification, such indication by RRC signaling can provide more flexibility, and the timing relationship can be dedicated configured to UEs with different capabilities. Regarding to the signaling, since it has been agreed that the semi-static assignment of DL/UL transmission direction for NR include a periodicity, a subset of resources with fixed DL transmission and also for fixed UL transmission, one possible solution is to signal a timing indication for each scheduling granularity in the period for semi-static DL/UL transmission, i.e., the timing pattern for each downlink time resource in one periodicity can be signaled by RRC signalling. For non-transmitted time resource, such as guard period, blank or reserved sources, the RRC signaling can be omitted.
Proposal 1: It is suggested to support one operation for semi-static DL/UL assignment that the timing relationship is signaled by higher-layer signalling without DCI indication to reduce overhead. One possible solution is to signal a timing indication for each scheduling granularity in the period for semi-static DL/UL transmission.
To make sure that PUSCH data and downlink ACK/NACK could be transmitted on semi-static UL slots based on proposal 1, the following options for UL grant scheduling timing (K1) and downlink HARQ-ACK feedback timing (K2) are discussed. 
Option 1: Similar as LTE, the k is signaled as the timing difference from DL to UL 
1) The timing can be signalled in the form of timing difference in unit of slot.
For example, as shown in Figure 3, there are 10 slots in one periodicity. Considering the timing pattern for the downlink slots, the value of k could be explicitly configured as {7,6,6,5,5,4} by higher layer.
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Figure 3: Example of HARQ timing(1), where k denotes the timing difference from DL to UL in unit of slot
2) The timing can also be signalled in the form of timing difference in unit of subframe (k1)+ slot index within corresponding subframe (k2). If necessary, the timing difference k1 can also be additionally signaled. 
Such indication is particularly useful for the case where DL and UL using different numerologies, which is complicated to determine a single reference granularity for indicating the timing in the form of slots. For example, as shown in Figure 4. There are 10 slots in one periodicity. Considering the timing pattern for the downlink slots, the value of k1 could be explicitly configured as {3,3,3,3,2,2} subframes by higher layer, the value of k2 could be configured as {1,1,0,0,1,1}slot by higher layer.
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Figure 4: Example of HARQ timing(2), where k1 denotes the timing difference from DL to UL in unit of subframe, and k2 denotes the slot index within corresponding subframe
Option 2: high layer could configure the absolute index of uplink slot used for PUSCH transmission and ACK/NACK feedback directly.

1) The index can be slot index. 
For example, as shown in Figure 5, there are 10 slots in one periodicity. Considering the timing pattern for the downlink slots, the available uplink slot index could be configured as an absolute value{7,7,8,8,9,9} by higher layer.
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Figure 5: Example of HARQ timing(3), where k denotes the absolute slot index
2) The index can be the combination of subframe index (k1) + slot index within corresponding subframe (k2). If necessary, the frame index k1 can also be additionally signaled.
Such indication is particularly useful for the case where DL and UL using different numerologies, which is complicated to determine a single reference granularity for indicating the timing in the form of slots. For example, as shown in Figure 6.  There are 10 slots in one periodicity. Considering the timing pattern for the downlink slots, the available subframe index could be configured as an absolute value{3,3,4,4,4,4} by higher layer , and the value of k2 could be configured as {1,1,0,0,1,1}slot by higher layer.
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Figure 6: Example of HARQ timing(4), where k1 denotes the absolute subframe index, and k2 denotes the absolute slot index within corresponding subframe
Proposal 2: To support operation for semi-static DL/UL assignment, consider two options for signalling the timing relationship by higher-layer signaling, 
· option1: similar as LTE, the k is signaled as the timing difference from DL to UL; 
· option2: high layer could configure the index of uplink slot used for PUSCH transmission and ACK/NACK feedback directly. 
2.2 Timing design for hybrid semi-static and dynamic DL/UL assignment

For TDD operation with hybrid semi-static and dynamic DL/UL assignment, not all slots could be assigned for DL or UL transmission, so the potential available slot set for dynamic timing indication is restricted in fact. Therefore, it is suggested to support one operation that firstly explicitly configuring potential available slot set with restricted size by higher-layer signaling, and then choosing the corresponding UL slot within the size-restricted potential available slot set by DCI signaling to reduce DCI overhead. 
The higher-layer signalling tells the UE all the potential available uplink slots in a predefined periodicity. A simple way is using a bit-mapping scheme to indicate which slots can be used for uplink transmission. For example, consider a periodicity of 5 slots, and using bitmap to indicate that the last three slots can be used for uplink transmission. Then all the last three slots in each periodicity can form a potential available slot set. 
Considering the processing time of UE as m slots. Then the fastest uplink transmission for the UE associated with the n-th DL slot is n+m slot. To provide more flexibility for gNB on load balancing and possible changing of DL/UL transmission direction for slots, DCI can be added to indicate the L-th uplink slot, which is not early than n+m slot and it is included in the RRC pre-configured potential available slot set, where L can be determined by DCI timing indication field. 
In the following, more detailed description is provided on how this scheme works. For the n-th DL slot, choose slot n+K as the indicated UL slot, wherein K is the L-th smallest integer which is larger than or equal to m and fulfils the condition that slot n+K is included in a potential available slot set, where
· the potential available slot set is pre-configured by higher-layer signaling,
· n denotes the slot index where UE is assumed to receive PDSCH or UL grant, 
· m denotes a pre-configured factor which reflects the UE capabilities, such as the minimum processing time between PDSCH and DL ACK/NACK, or the minimum processing time between UL grant and corresponding PUSCH. Note that, m can be signaled by higher-layer signaling,
· L can be determined by k, where k denotes timing indication contained in DCI field.
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Figure 7: Example of HARQ timing(5), where the indicated UL slot is not early than n + m slot, and it is the first L-th slot located within the potential available slot set, and K1 denotes the timing difference between DL and UL
 Figure 7 gives an example of above timing indication methods. 
· Periodicity: There are 5 slots in one periodicity. 
· Potential available slot set: Potential available slot set is preconfigured by higher-layer signaling as [#2, #3, #4] to contain all the fixed Uplink slots and dynamic slots. Note that, the periodicity of semi-static DL/UL assignment is 5 slots, then the sets [#2+5X, #3+5X, #4+5X], where X is integer, can also be treated as potential available slot set.
· m: The factor m is pre-configured by higher-layer signaling as m = 2 slot. 
· k: Assume there are 2 bits in DCI field to indicate it.

· L: assume L = k + 1. i.e., when k = 0, select the first slot; while when k = 1, select the second slot. 

Then the indicated UL slot can be determined like the following: 
· for DCI in slot #2 (n = 2), m = 2, and k = 0, it can be calculated that n + m = 2 + 2 = 4, L = 1, then the indicated UL slot is the first “usable” slot located within slot set [#2, #3, #4, #7, #8, #9, …] not early than #4 slot, i.e., #4 slot. While the timing difference between DCI and corresponding UL slot is K1 = #4 - #2 = 2 slot in this case;

· for DCI in slot #2 (n = 2), m = 2, and k = 1, it can be calculated that n + m = 2 + 2 = 4, L = 2, then the indicated UL slot is the second “usable” slot located within slot set [#2, #3, #4, #7, #8, #9, …] not early than #4 slot, i.e., #7 slot. While the timing difference between DCI and corresponding UL slot is K1 = #7- #2 = 5 slot in this case.
It can be observed that through pre-configuring potential available slot set, the dynamic range of available slot set is restricted, then the suggested method can use smaller DCI field size to indicate the same size of timing difference range.
Table 1: Example of HARQ timing, with m = 2, and available slot set =  [#2, #3, #4, #7, #8, #9, …]
	DL slot index #n
	Take first 2 available slots
	(k； corresponding K1； corresponding available slot index)

	0
	K1∈[2, 3]
	(0； 2； #2), (1； 3； #3)

	1
	K1∈[2, 3]
	(0； 2； #3), (1； 3； #4)

	2
	K1∈[2, 5]
	(0； 2； #4), (1； 5； #7)

	3
	K1∈[4, 5]
	(0； 4； #7), (1； 5； #8)


For example, as shown in Table 1, let’s compare the DCI field size required to indicate the first 2 available slots for all potential DL slots (i.e., fixed DL slots and dynamic slots) between two methods,
· Baseline method: timing is indicated by a field in the DCI from a set of K1 values, where K1 is selected from set {2, 3, 4, 5} as shown in Table 1. It is clear that 2 bits in DCI field is required to indicate 4 states of K1;
· Suggested method: timing is indicated by a field in the DCI from a set of k values, where k is selected from set {0, 1} as shown in Table 1. It is clear that only 1 bits in DCI field is required to indicate 2 states of k.
So it can be observed that the suggested method can reduce DCI field size.
Proposal 3: In order to efficiently indicate the DL and UL timing relationship for hybrid semi-static and dynamic DL/UL assignment, firstly the higher-layer signalling tells the UE the potential available uplink slots in a predefined periodicity, then DCI indicates the L-th uplink slot, which is not early than n+m slot, and it is include in the pre-configured potential available slot set, where n is the slot index where UE is assumed to receive PDSCH or UL grant, m is the processing time of UE, and L can be determined by DCI timing indication field. 
3 Conclusions

In this contribution, we discussed several schemes to indicate timing relationship for semi-static DL/UL assignment to reduce DCI overhead. In detail, the following is proposed:  
Proposal 1: It is suggested to support one operation for semi-static DL/UL assignment that the timing relationship is signaled by higher-layer signalling without DCI indication to reduce overhead. One possible solution is to signal a timing indication for each scheduling granularity in the period for semi-static DL/UL transmission.
Proposal 2: To support operation for semi-static DL/UL assignment, consider two options for signalling the timing relationship by higher-layer signaling, 
· option1: similar as LTE, the k is signaled as the timing difference from DL to UL, 
· option2: high layer could configure the index of uplink slot used for PUSCH transmission and ACK/NACK feedback directly. 
Proposal 3: In order to efficiently indicate the DL and UL timing relationship for hybrid semi-static and dynamic DL/UL assignment, firstly the higher-layer signalling tells the UE the potential available uplink slots in a predefined periodicity, then DCI indicates the L-th uplink slot, which is not early than n+m slot, and it is include in the pre-configured potential available slot set, where n is the slot index where UE is assumed to receive PDSCH or UL grant, m is the processing time of UE, and L can be determined by DCI timing indication field. 
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