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Introduction
In RAN#90b, the following agreement has been made regarding PUCCH resource allocation:
Agreements:
· For both slot-based and non-slot based DL transmissions, and for indentifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters.

Agreements:
· The PUCCH resource for SR only transmission is semi-statically configured.
· The PUCCH resource for P-CSI only transmission is semi-statically configured
· FFS PUCCH resource allocation for semi-persistent CSI

The following agreement is made based on RAN1 #90b email discussion.
Agreements;
Table 1 contains the parameters configured in PUCCH resource sets. That means: For each  parameter in the in the following table, a set of values can be configured respectively for a set of PUCCH resources. And a value among them can be determined when DCI indicates the index of the corresponding PUCCH resource. Alternatively, the values for some parameters can also be implicitly derived, if implicit resource indication mechanism is used. An entry in the PUCCH resource set corresponds to one column in the table 1. This resource is defined by some parameters which are the rows of the table
· Note 1: RAN1 needs to further study if the resources of some formats in Table 1 are jointly configured in a resource set.
· Note 2:  In Table 1, a parameter with “FFS: special values for implicit derivation” or “FFS if implicit derivation is also used” implies that Ran 1 needs further discussion to determine if implicit and/or explicit methods are used to determine the particular parameter in the entry of PUCCH resource. If an implicit mechanism is used, the corresponding value range may shrink and/or a special value outside the value range may be added for indicating “implicit derivation”, or the configurability may be completely disabled..
· Note 3: RAN1 needs to further study if same or different sets of PUCCH resources in Table 1 are configured for PDSCH mapping type A (slot-based transmission) and type B (non-slot-based transmission).
Table 2 contains the semi-statically configured parameters. That means: A value would be configured for each parameter in the following table.
 Table 1: Parameters configured in PUCCH resource sets and their value ranges 
	 
	PUCCH 
Format 0
	PUCCH 
Format 1
	PUCCH 
Format 2
	PUCCH 
Format 3
	PUCCH 
Format 4

	FFS: Starting slot
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]
	0 - [x]

	Starting symbol
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	-     12 and 13;
-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	-     12 and 13;
-     0 – 11 (FFS whether or not such a configuration is conditioned on non-slot based operation)
	0 – 10
(FFS: special values for implicit derivation)
	0 – 10
(FFS: special values for implicit derivation)

	Number of symbols in a slot
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	1, 2
	4 – 14
(FFS: special values for implicit derivation)
	4 – 14
(FFS: special values for implicit derivation)

	Index for identifying starting PRB
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	√
	√
	√

	
	Value range
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
(FFS: special values for implicit derivation)
	0 - [274]
	0 - [274]
	0 - [274]

	Number of PRBs
	Configurability
	N.A.
	N.A.
	√
	√
	N.A.

	
	Value range
	N.A.
(Default is 1)
	N.A.
(Default is 1)
	1 – [16]
	1 - 6, 8 - 10, 12, 15, 16
	N.A.
(Default is 1)

	Enabling a frequency hopping
	Configurability
	√
	√
	√
	√
	√

	
	Value range
	On/Off
(only for 2 symbol)
	On/Off
	On/Off
(only for 2 symbol)
	On/Off
	On/Off

	FFS: Frequency resource of 2nd hop if frequency Hopping is enabled
	Configurability
	FFS
	FFS
	FFS
	FFS
	FFS

	
	Value range
	FFS
	FFS
	FFS
	FFS
	FFS

	Index of initial cyclic shift
	Configurability
	√
(FFS if implicit derivation is also used)
	√
(FFS if implicit derivation is also used)
	N.A.
	FFS
(for DMRS)
	FFS
(for DMRS)

	
	Value range
	0 – 11
	0 – 11
	N.A.
	0 – 11
	0 – 11

	Index of time-domain OCC
	Configurability
	N.A.
	√
(FFS if implicit derivation is also used)
	N.A.
	N.A.
	N.A.

	
	Value range
	N.A.
	0 - 6
	N.A.
	N.A.
	N.A.

	Length of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	2, 4

	Index of Pre-DFT OCC
	Configurability
	N.A.
	N.A.
	N.A.
	N.A.
	√

	
	Value range
	N.A.
	N.A.
	N.A.
	N.A.
	0, 1, 2, 3


 
Table 2: Semi-statically-configured parameters and their value ranges
	 
	PUCCH 
Format 0
	PUCCH Format 1
	PUCCH 
Format 2
	PUCCH Format 3
	PUCCH Format 4

	Number of slots
	Configurability
	N.A.
	Configured
	N.A.
	Configured
	Configured

	
	Value range
	N.A.
	1, y1, y2, y3
	N.A.
	1, y1, y2, y3
	1, y1, y2, y3



Discussion on PUCCH resource allocation
In RAN1 # 90b, it has been agreed that 
· The PUCCH resource for SR only transmission is semi-statically configured.
· The PUCCH resource for P-CSI only transmission is semi-statically configured
· FFS PUCCH resource allocation for semi-persistent CSI

For semi-persistent PDSCH, a semi-static resource allocation for the ACK channel can also reduce grant overhead. On the other hand, UCI like ACK for dynamic PDSCH don’t have a predictable transmission pattern and therefore semi-static configurations will incur resource waste. It’s better to allocate the resource for dynamic ACK transmission with dynamic resource allocation. For semi-persistent CSI, a semi-static resource allocation may be used. When semi-persistent CSI is not required, the allocated resources may be removed from the RRC configure. In another word, the resource allocation type for PUCCH should depend on its UCI. We therefore have the following proposal:
Proposal 1: Support semi-static resource allocation for 
· ACK/NACK for semi-persistent PDSCH
· PUCCH resource allocation for semi-persistent CSI


PUCCH resource collision rate with explicit signalling
In the email discussion of RAN1 #90b, it has been agreed that Table 1 in the email discussion agreement in NR-30 contains the parameters configured in PUCCH resource sets. For each parameter in the in the following table, a set of values can be configured respectively for a set of PUCCH resources. And a value among them can be determined when DCI indicates the index of the corresponding PUCCH resource. Alternatively, the values for some parameters can also be implicitly derived, if implicit resource indication mechanism is used. The following values may be implicitly derived: Index for identifying starting PRB for Formats 0 and 1, Index of initial cyclic shift for Formats 0 and 1, and Index of time-domain OCC for Format 1. 
Let’s discuss first the resource allocation for PUCCH Format 0 and 1. Let X stand for the number of ARI bits in DCI to indicate the ACK resource index, and Y stand for the number of PUCCH resources configured to a UE for a particular format. In order to use ARI bits to indicate one of the Y resources in DCI, the following condition needs to be satisfied:

For Format 0 and 1 since the PUCCH payload size is only 1 or 2 bits, having X bits in DCI will incur a large UCI overhead. Even with X=1 bit, the overhead ratio is 50%. Having X>2 will incur larger than 100% overhead ratio. This will be very inefficient. Therefore, we should not have X>2. 
On the other hand, with explicit signalling, gNB can only configure at most  PUCCH resources in the RRC configuration. Given a limited total PUCCH resources in a system, when the number of active UEs is large, eNB may not always assigning different resources to different UEs. And therefore, PUCCH resource collision may happen. The collision rate will depend on a few factors including, the total number of PUCCH resources in the system, the number of configured resources per UE, and the number of active UEs.  The following figure illustrates how PUCCH resource collision rate varies as a function of these parameters. The Simulation setup is as follows
· 200 UEs in total in the system.
· The total PUCCH resources are set in 3 different ways
1. Fixed at 20 
2. Proportional to the number of active UEs with ratio 1.0 
3. Proportional to the number of active UEs with ratio 1.5
· 4, 8, or 12 resources randomly configured to each UE. It’s assumed that ARI bits is sufficient to indicate one of the configured resources to each UE. 
· In every slot, a number of active UEs who have HARQ-ACK traffic are randomly picked out of 200 UEs
· All UEs are using long duration.
· Simulated 1000 slots to calculate collision rate which is calculated from either gNB or UE perspective.
· a) gNB perspective: a collision happens if at least two UEs are assigned with the same resource
· b) UE perspective: a collision happens only if this UE is assigned with the same resource as another UE
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Figure 1. PUCCH resource collision rate

We can observe that for a fixed number of total PUCCH resources and a fixed number of configured resources per UE as illustrated in Figure 1.1, the probability of PUCCH resource collision increases as the number of active UEs increases. On the other hand, for the same number of active UEs and the same number of total PUCCH resources, the probability of collision decreases if we increase the number of configured PUCCH resources per UE in RRC configure. If gNB is able to proportionally increase the total PUCCH resources according to the number of active UEs as illustrated in Figure 1.2 and 1.3, the same trend can still be observed that the collision rate decreases as the number of configured resources per UE increases. We therefore make the following observation:
Observation: The PUCCH resource collision rate is proportional to the number of active UEs and inverse proportional to the number of configured PUCCH resources per UE.
In the simulation, we assumed all active UEs and their configured resources are in long duration. The same observation holds for the case with all UEs in the short duration. When UEs may dynamically switched between long and short duration, the UE needs to be configured with some resources in long duration and some resources in short duration, and ARI bits should indicate which duration to be used. Equivalently, it means the number of configured resources in either duration is reduced.  
A Unified framework for explicit signalling and Implicit mapping for PUCCH channel
The observation tells us that we may decrease the PUCCH collision rate by increasing the number of configured PUCCH resources per UE. However, if we rely on purely explicit signalling with ARI indication for resource selection, increasing the number of configured resources will also increase the DCI overhead.
It is therefore desirable to have a solution that can decrease the PUCCH resource collision rate while still maintain a reasonable DCI overhead. The goal can be achieved with a framework that unifies explicit signalling and implicit mapping and also give gNB full control how which way to use. The details are as follows.
The number of ARI bits, X, should be a predetermined value given in the spec. And the X value maybe different for normal DCI format and fall-back DCI format. The fall-back DCI is required at least for some link budget limited UEs with out CA or cross carrier slot scheduling, and the DCI payload should be minimized. We should therefore include no ARI bits in fall-back DCI. While in normal DCI, X may be set to e.g., 2 so the DCI overhead is not more than 100%. 
The number of PUCCH resources may be configured differently for different UEs and gNB may adjust the number of resources per UE if it sees an increase in the number of active UEs in the cell. Both UE and eNB will use the same rule to determine what type of resource allocation methods to use by comparing X and Y. There may be the following three scenarios.
Scenario A: if , explicit signalling only is used to determine PUCCH resource. 
In this scenario, a unique PUCCH resource is determined based on the ARI bits included in the DCI. The resource should be selected to minimize the PUCCH resource collision rate in the cell. This corresponds to a normal DCI with a small number of active UEs.
Scenario B: if , implicit mapping only is used to determine the PUCCH resource. 
This will correspond to a fallback DCI without ARI bits. Let C stand for the stating CCE index of the PDCCH. The assigned PUCCH resource index, R, will be determined by

In this scenario, all UEs in the same CORESETS will be RRC configured with the same set of physical resources. And different CORESETS will be configured with non-overlapping physical resources. As illustrated in the following figure, different UE’s PDCCH in different CORESETs will be mapped to a unique physical resource.
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Figure 1. PDCCH CORESETs and PUCCH resource sets

Scenario C: if, and  , a combination of explicit signalling and implicit mapping is used to determine PUCCH resource. 
This corresponds to normal DCI format with a large number of active UEs. In this scenario, a UE is configured more PUCCH resources than the capacity of ARI bits. The configured PUCCH resources are therefore be automatically divided into multiple sub-sets. .  Let N stand for the number of sub-sets and M the number of resources per subset. We will have  and . 
The ARI bits in DCI will indicate a particular subs-set while implicit mapping will determine a resource index in the selected sub-set. To minimize PUCCH resource collision, the gNB may try to assign UEs into sub-sets with non-overlapping physical resources. In that way, no matter where PDCCH is transmitted, the selected physical resources for the two UEs will be different. When gNB can’t avoid assigning two UEs to two sub-sets that contains at least one identical physical resource, collision may happen. The gNB may place the PDCCHs at a seemingly random location. The implicit mapping corresponds to a randomized selection of one of the resources in the subset.
For example, a UE may be configured with Y=8 resources, and there may be X=2 ARI bits. In this case, this UE will have N=4, and M=2. The ARI bit will be used to indicate one of the 4 sub-sets. While implicit mapping will be used to select one of the two resources within the sub-set. 
Let C stand for the stating CCE index of the PDCCH and L the aggregation level. The starting CCE index is multiple of 2 for L=2, multiple of 4 for L=4, and multiple of 8 for L=8. If we define the implicit mapping function as ,  we may not have sufficient randomization within the sub-set.  For example, with M=2, all L>2 PDCCHs will be mapped to the first resource index in the sub-set only. This is not preferred because there will not be randomization within the sub-set. To avoid this scenario, we may normalize the starting CCE index by aggregation level. The relative resource index within the selected subset r maybe calculated as


Notice that, since Y may be configured differently per UE, the implicit mapping function may also be UE-specific.  For example, two UEs A and B are active at the both time and we have X = 2,  =16,  =8. The following tables give one example of the configured resources, where the global resource index is a virtual concept to denote a unique physical resource in the system. In the RRC configure table, the global resource index will be translated to the detailed resource definition as in the Table 1 agreed in the email discussion. According to the configured resources tables, 3 of the physical resources are identical. In one particular slot when both UE A and UE B are active, the corresponding ARI value/subset index, starting CCE index, aggregation level, relative resource index and the final global resource index are given in the following table. We can see that the two UEs are assigned to two subsets containing one identical physical resource. After implicit mapping they are assigned to different physical resources in this realization. However, if the starting CCE of UE A happens to be 4, then UE A will actually be assigned to physical resource 11 as well leading to a collision. Therefore, this combination of explicit signalling and implicit mapping won’t fully resolve all collisions but it will reduce the collision rate because the number of configured resources per UE may be increased proportional to the number of active UEs without increasing DCI overhead. 

Table 1-1: PDCCH information
	
	ARI value/subset index
	Starting CCE
	Agg. level
	Relative resource index in subset
	Assigned global resource index

	UE A
	1
	8
	4
	2
	9

	UE B
	3
	24
	2
	0
	11




Table 1-2: Configured resources for UE A
	subset
	Relative resource index
	Global resource index

	

0
	0
	53

	
	1
	25

	
	2
	16

	
	3
	0

	

1
	0
	23

	
	1
	11

	
	2
	9

	
	3
	35

	

2
	0
	62

	
	1
	44

	
	2
	28

	
	3
	39

	

3
	0
	13

	
	1
	47

	
	2
	15

	
	3
	50




Table 1-3: Configured resources for UE B
	subset
	Relative resource index
	Global resource index

	
0
	0
	62

	
	1
	49

	
1
	0
	10

	
	1
	15

	
2
	0
	20

	
	1
	38

	
3
	0
	11

	
	1
	6



In some cases, eNB may configure PUCCH resources for a particular UE in either short or long durations. In that case, the UE is configured semi-statically of the short PUCCH or long PUCCH. It can’t switch between short PUCCH and long PUCCH dynamically. On the other hand, if a UE is configured with some PUCCH resources in short duration, other resources in long duration, the UE may be dynamically configured in either short or long duration indicated by ARI bits. For example, a UE may be RRC configured with 8 resources, 2 in short duration and 6 in long duration. There is X=2 ARI bits. The 8 resources are divided into 4 resources sub-sets, 1 in short duration and 3 in long duration. ARI bits will select one of the sub-sets and therefore the UE will know whether short PUCCH or long PUCCH format will be used. Implicit mapping is then used to obtain one of the two resources in the sub-set. The resource selection is illustrated in the following figure. 
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Figure 3. selection of short or long duration with ARI bits

In some case, the ARI bits may be used to indicate separate resource sets corresponding to different UE IDs in MU-MIMO, different k1 value in cross-slot scheduling, different carrier index, etc. According to the agreement in the email discussion, one resource set should have a unique value for starting symbol and number of symbols while index for starting RB, index for initial cyclic shift, and index for time domain OCC may be derived from the implicit mapping. And gNB has full control on whether or not to enable implicit mapping and how much information should be derived from the implicit mapping by varying the number of configured PUCCH resources per UE.
Furthermore, although we describe our unified frame work for Format 0 and 1, the same concept can be easily applied to Format 2 to 4 as well. For these formats, our design can greatly decrease the resource collision rate without paying the price of increased DCI overhead. Therefore, it should be applied to PUCCH format 2 to 4 as well. 
We therefore make the following proposal:
Proposal 2: Define different number of ARI bits in normal and fall-back DCI formats.
· The fall-back DCI format has 0 ARI bits.
· The normal DCI format has 2 bits of ARI. 

Proposal 3: Adopt the unified frame work combining explicit signalling and implicit mapping for PUCCH resource allocation as described in section 2 for all PUCCH formats.
· With X ARI bits and Y configured PUCCH resources for a particular UE, the PUCCH resources allocation for this UE may be determined according to the following three scenarios
· if ,by explicit signalling only 
· if  X=0, by implicit mapping only
· if X>0 and , by combination of explicit signalling and implicit mapping.

Determining the ACK payload size
The number of ACK bits may be derived based on number of code words per PDSCH, and the number of PDSCH to be acknowledged within a PUCCH channel. the number of PDSCH to be acknowledged may depend on the number of CCs used. For example, if one PDSCH has one code word, the UE will transmit two Ack bits with two CCs. Since PDSCHs of different slots may be acknowledged within a single PUCCH channel, the number of PDSCH may also depend on the total slots to be grouped in a single PUCCH channel. For example, if one PDSCH has one code word, the UE will transmit two ACK bits if it needs to acknowledge PDSCH from current slot and its preceding slot simultaneously. 
If some PDCCH for PDSCH scheduling is not decoded successfully, the UE may transmit less ACK bits than what the gNB expects. One way to avoid the confusion between UE and gNB is to use DAI bits in PDCCH to indicate ACK payload size. To reduce overhead in fallback DCI, no DAI bits should be included. The ACK payload size will be determined by decoded DL grant. In normal DCI, instead of to have both DAI_total and DAI_counter as in LTE, we may include 3 bits of DAI_counter. The detailed algorithm to determine ACK payload size without using DAI_ total is described in [1]. We therefore make the following proposal:
 Proposal 4: The ACK payload size is determined differently with normal and fallback DCI formats.
· No DAI is included in fallback DCI in common search space. For HARQ-ACK associated with PDSCH scheduled by fallback DCI, the payload size is determined by detected DL grants. 
· Normal DCI use a 3-bit DAI counter without total DAI indication to indicate PUCCH payload quantization.

Resource allocations for combination of UCI
When different types of UCI are transmitted simultaneously, resource allocation for PUCCH may also be different types depending on the combinations of UCI. The resource allocation or selection may also depend on the ACK payload size. For example, when ACK plus SR transmission, LTE like resource selection between ACK resource and SR resource depending on SR value may be used in long duration when ACK payload size is either 1 one 2 bits. For short duration, a RB selection depending on SR value may be used as in [2].  When ACK payload size is more than 2, joint encoding may be applied to the combined payload.
When ACK and SR bits are to be transmitted simultaneously with CQI, a LTE like joint encoding/dropping rule may be used for the combined payload. The details are as follows:
Denote X = NRE  × r for PUCCH format 2 resource, where NRE  is the number of REs available for data from the PUCCH format 2 resource and r is the configured maximum code rate for PUCCH format 2 (configurable with values of 0.08, 0.15, 0.25, 0.35, 0.45, 0.6, or 0.8)
−	if the total number of the HARQ-ACK bits, SR bits,  and the P-CSI bits before any potential dropping is no more than X, transmit the HARQ-ACK and the P-CSI on the indicated PUCCH format 2 resource;
−	otherwise
−	the CSI reports to be transmitted on PUCCH are selected from the highest to lower priority until the total number of (spatial bundled) HARQ-ACK bits, SR bits,  and the selected P-CSI bits reaches X;
−	transmit the HARQ-ACK, SR bits, and the P-CSI on the indicated PUCCH format 2 resource.
We therefore make the following proposal:
Proposal 5: Resource allocation for combined UCI depends on combination of UCI. 
· For 1 or 2 ACK bits plus SR in long duration, adopt resource selection of ACK or SR resource depending on SR value similar to LTE 
· For 1 or 2 ACK bits plus SR in short duration, adopt RB selection of one of assigned two depending on SR value as in [2]
· For more than 2 ACK bits plus SR, adopt joint encoding of the combined payload transmitted on ACK resources
· For at least one of ACK and SR channels plus CQI, use LTE like joint encoding/dropping rule.

When the ACK payload size is greater than a threshold, for example 20 bit, the UE may always add a SR bit to the payload. For large enough ACK payload, this additional SR bit will not degrade performance much but this opportunistic SR may allow the UE to obtain an earlier UL grant if needed. We therefore make the following proposal:

[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Proposal 6: Include 1 bit SR with multi-bit Ack transmission when the number of ACK bits is greater than X=20 bits.
Determining the index for the starting symbol and the number of symbols
In the RRC configuration, the starting symbol and the number of symbols may be explicitly configured with PUCCH resource definition. In some case when the long PUCCH duration will occupy the cell-specific long duration, the starting symbol and the number of symbols may also be configured as a INVALID value in RRC which means these two values will be calculated by the UE based on other parameters related to the slot structure. 
So far, there hasn’t been a clear distinguish between cell-specific and UE specific long duration and short duration or UL short burst (ULSB). But they are actually quite different. A dynamic configuration of ULSB requires indication in PDCCH and a UE needs to decode PDCCH constantly in order to know where to transmit PUCCH in ULSB. This is undesirable when semi-static configuration or implicit mapping of PUCCH resource is used. Therefore a semi-static configuration of ULSB duration is preferred. Furthermore, The cell-specific short duration needs to be semi-statically configured so that the neighbouring cells may be configured with the same cell-specific short duration in the same slots in order to avoid mixed interference. The cell specific long duration may be derived as (slot duration – semi-static cell-specific short duration – semi-static PDCCH duration – GAP)
When a UE is not explicitly configured with the starting symbol and the number symbols in the long PUCCH resources, the UE may assume its starting symbol and the number of symbol is aligned with the cell-specific long duration. Having implicit derivation of the two parameters give eNB the flexibility of adjusting the starting symbol and the number of symbols based on the slot structure without adding signalling overhead. We therefore make the following proposal:
Proposal 7: A cell specific short duration should be semi-statically configured. A cell specific long duration may be derived based on slot duration, semi-static PDCCH region, cell-specific short duration, and GAP
· A UE may derive the starting symbol and the number of symbol based on cell-specific long duration when these values are not explicitly configured in RRC.

Furthermore, there might be multiple DL/UL BWP. Each BWP may have different PDCCH region. So even with semi-static configured starting position of long PUCCH, different UL BWPs may have different starting position. When a UE needs to transmit PUCCH in different UL BWPs simultaneously similar to dual PUCCH in LTE, the PUCCH in different UL BWPs may start at different symbols. This will create problem for power control and maintaining phase continuity when the latter PUCCH starts. The same also holds true for having different ending symbols. To avoid this problem, we should consider the same starting symbols for PUCCH in long duration for different UL BWPs. We therefore have the following proposal:
Proposal 8: Support the same starting and ending symbols for UE specific long PUCCH in different UL BWPs.

Discussion on large UCI delivery
In NR, we also need to consider the delivery of large UCI payload. We expect larger UCI payload size than LTE due to a few factors. First of all, we may have multi-bits ACK and multi-bits SR. Sub-band CQI report may have more payload bits due to increased wideband bandwidth. CSI report may also need to include beam related information. When we have carrier aggregation, the UCI payload size will scale with number of carriers. In NR, it’s been agreed to support up to 16 CCs, and there may be less if wider component carriers are used. In NR, large UCI payload, e.g., more than 600 payload bits is very likely. On the other hand, current Polar code has up to N=1024 output bits, which means a single Polar code word may not be sufficient for large payload size, e.g., more than 600 bits. To deal with large UCI delivery, we may first limit the number of UCI payload by limiting the number of concurrent CCs within one CSI report at least in the first release. A reasonable number may be 5CCs for sub-6 and 10 CCs for mmWave. We therefore have the following proposal:
Proposal 9: Consider limiting the number of concurrent CCs within one CSI report to reduce the UCI payload, e.g., up to 5CCs for sub-6 and 10 CCs for mmWave respectively. 

LTE supports semi-persistent scheduling (SPS). In LTE, the PDCCH indicating release of SPS assignment is acknowledged by the UE. This allows the base station to confirm that the UE has released the assignment before assigning the SPS resources to other UEs. In NR, more generally, we can envision other such critical commands issued via PDCCH for which there is no corresponding PDSCH packet and thus no natural acknowledgment transmission. If such commands are identified, it is reasonable to consider acknowledgment for such PDCCH transmissions as well, similar to the LTE SPS-release Ack. Such Ack may follow similar rules and procedures as Acks for NR PDSCH, with regard to resource allocation. Since there is no PDSCH, the Ack timing is then related to the corresponding PDCCH timing, just as in LTE SPS-release. In LTE the SPS related PDCCH uses a different RNTI than PDSCH; note that this is not a requirement for considering whether a NR PDCCH needs acknowledgment. One example of a PDCCH that we may consider allowing acknowledgment is a PDCCH that does not schedule any packet but only indicates change of beam, since missing this PDCCH may result in beam mismatch between UE and base station. We thus have the following proposal:

Proposal 10: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.

Conclusions
In this document, we consider the resource allocation for PUCCH, and make the following proposals:
Proposal 1: Support semi-static resource allocation for 
· ACK/NACK for semi-persistent PDSCH
· PUCCH resource allocation for semi-persistent CSI

Proposal 2: Define different number of ARI bits in normal and fall-back DCI formats.
· The fall-back DCI format has 0 ARI bits.
· The normal DCI format has 2 bits of ARI. 

Proposal 3: Adopt the unified frame work combining explicit signalling and implicit mapping for PUCCH resource allocation as described in section 2 for all PUCCH formats.
· With X ARI bits and Y configured PUCCH resources for a particular UE, the PUCCH resources allocation for this UE may be determined according to the following three scenarios
· [bookmark: _GoBack]if ,by explicit signalling only 
· if  X=0, by implicit mapping only
· if X>0 and , by combination of explicit signalling and implicit mapping.

 Proposal 4: The ACK payload size is determined differently with normal and fallback DCI formats.
· No DAI is included in fallback DCI in common search space. For HARQ-ACK associated with PDSCH scheduled by fallback DCI, the payload size is determined by detected DL grants. 
· Normal DCI use a 3-bit DAI counter without total DAI indication to indicate PUCCH payload quantization.

Proposal 5: Resource allocation for combined UCI depends on combination of UCI. 
· For 1 or 2 ACK bits plus SR in long duration, adopt resource selection of ACK or SR resource depending on SR value similar to LTE 
· For 1 or 2 ACK bits plus SR in short duration, adopt RB selection of one of assigned two depending on SR value as in [2]
· For more than 2 ACK bits plus SR, adopt joint encoding of the combined payload transmitted on ACK resources
· For at least one of ACK and SR channels plus CQI, use LTE like joint encoding/dropping rule.

Proposal 6: Include 1 bit SR with multi-bit Ack transmission when the number of ACK bits is greater than X=20 bits.

Proposal 7: A cell specific short duration should be semi-statically configured. A cell specific long duration may be derived based on slot duration, semi-static PDCCH region, cell-specific short duration, and GAP
· A UE may derive the starting symbol and the number of symbol based on cell-specific long duration when these values are not explicitly configured in RRC

Proposal 8: Support the same starting and ending symbols for UE specific long PUCCH in different UL BWPs.
In this contribution, we also discussed the delivery of large UCI and make the following proposals:
Proposal 9: Consider limiting the number of concurrent CCs within one CSI report to reduce the UCI payload, e.g., up to 5CCs for sub-6 and 10 CCs for mmWave respectively. 
Proposal 10: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
References
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