
3GPP TSG RAN WG1 Meeting AH_#NR3

R1- 1716657
Nagoya, Japan, 18th – 21st, September 2017
Source:
CATT

Title:
Further discussion on PUCCH resource allocation
Agenda Item:
6.3.2.4
Document for:
Discussion and decision
1 Introduction
At the RAN1 #90 meeting, the following agreements were reached on PUCCH resource allocation [1]:
Agreements:
· In order to identify PUCCH resource, at least following are known by the UE:

· PUCCH format

· Starting symbol in a slot

· Which slot(s) the PUCCH is transmitted

· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· Code/sequence index(es)

· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· No additional parameters are identified

· For 2-symbol short-PUCCH for UCI of up to 2 bits,

· Code/sequence index(es)

· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,

· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,

· Duration of the long-PUCCH within a slot

· Note: take the case of multi-slot into account.

· Sequence/code index

· OCC and, e.g., cyclic-shift

· Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,

· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot

· Note: take the case of multi-slot into account.

· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,

· FFS: details

· FFS: for transmit diversity

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
In this paper, we further discuss the PUCCH resource allocation for both short and long duration PUCCH formats.  
2 Discussion

2.1 Time domain resource allocation
Resource allocation for short duration PUCCH format
Since it was agreed that TDM of short duration PUCCH formats from different UEs in the same slot is supported at least above 6 GHz, and TDM of short duration PUCCH formats from the same UE in the same slot is supported, there should be a signaling mechanism to indicate the time domain resources assigned to each short duration PUCCH transmission. For simplicity, the time domain resource for P-CSI/SR transmission can be semi-statically configured by high layer signaling. The time domain resource for HARQ-ACK can be dynamically signaled in the DCI scheduling the corresponding DL assignment with the following possible methods. 
· Method 1: DL DCI indicates both the length and the starting symbol in one slot. This method offers flexibility in resource allocation especially when dynamic slot structure configuration is used since the UL resource size may be changed from slot to slot. However it requires more DL signaling overhead.

· To support short duration PUCCH format starting at any symbol in one slot, 4 bits are required for a 14-symbol UL slot. 

· To reduce DCI overhead, a set of M valid time domain positions can be predefined or semi-statically configured. A bit field of length 
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 bits is included in the DCI scheduling a DL assignment and it indicates one out of this set of predefined or semi-statically configured values. 
· Alternatively, a predefined short duration PUCCH format region can be allocated to reduce the number of starting symbols. 
· 1 bit is required to indicate the length of short duration PUCCH format with 1 or 2 symbols.
· Method 2: DL DCI indicates the starting symbol in one slot. The length of time domain resource for short duration PUCCH is semi-statically configured by higher layer signaling for each slot. This method can generally be used for semi-statically configured slot format since the UL region is fixed and the length of PUCCH can be semi-statically configured by higher layer signaling according to the coverage requirement. When this method is used for dynamic slot structure configuration, it requires configuration restriction on the UL region in one slot to satisfy the configured length of PUCCH.
· Required numbers of indication bits are similar as in Method 1 without the 1 bit indication of the length of short duration PUCCH format.
For HARQ-ACK, whether in addition the slot index should be semi-statically configured or dynamically signaled to a UE depends on the use cases for the short duration PUCCH format. If the short duration PUCCH format is only used for a self-contained slot structure, there is no need to indicate slot index for short duration PUCCH conveying HARQ-ACK. On the other hand, if the short duration PUCCH format can be used for both self-contained and non-self-contained HARQ-ACK feedback scenarios, then the slot index should be either semi-statically configured or dynamically signaled to the UE. Alternatively, the slot index for PUCCH can be obtained from the HARQ-ACK timing indication in the DCI assuming that HARQ-ACK timing is defined based on the unit of slot.
Considering that the length of PUCCH is mainly determined by the coverage of UE, it may not change frequently, hence we assume the length of PUCCH can be semi-statically configured and DL DCI indicates the starting symbol in one slot. In other words, method 2 is preferable. 

Furthermore, there are two alternatives for indicating the starting symbol:

· Alt. 1: Indicating the starting symbol from DL HARQ timing

· Alt. 2: Indicating the starting symbol from PUCCH resource

For Alt. 1, we should first consider the DL HARQ timing indication method. If DL HARQ timing indicates the number of symbols between the last symbol of PDSCH and the first symbol of PUCCH, it is more suitable for the case that the PUCCH can start from any symbol in a slot and can minimize DCI overhead. Then, indicating the starting symbol from PUCCH resource is not needed. Actually, the starting symbol of PUCCH is limited to several symbols in a slot (e.g., the last one or two symbols for short PUCCH or only first several symbols can be the starting symbol for long PUCCH with large length), DL HARQ timing indicating the number of symbols between the last symbol of PDSCH and the first symbol of PUCCH may lead to the pointed starting position of PUCCH is unusable since the last symbol of PDSCH can be any symbol of a slot. So DL HARQ timing should indicate the slot and the starting symbol of PUCCH separately. Further, if RRC configure both the slot and the starting symbol of PUCCH and DCI indicate one of them, at most 1 bit can be saved in DCI compared with that RRC configure the slot and DCI indicating the starting symbol of PUCCH. 

In our opinion, RRC configure the slot and DCI indicating the starting symbol of PUCCH is more preferred since it is clearer in indication. In this case, Alt. 1 and Alt. 2 are same since separate DCI field is used for starting symbol indication.
Proposal 1: The time domain resource of a short duration PUCCH format can be dynamically signaled in the DL DCI scheduling the associated DL data transmission using the following method:
· DL DCI indicates the starting symbol in each slot. The length of the time domain resource is semi-statically configured by higher layer signaling for each slot.
· The starting symbol can be any symbol in one slot or one of multiple predefined time domain positions or symbols in a predefined short duration PUCCH format region.
Proposal 2: If the short duration PUCCH format can be used for both self-contained and non-self-contained HARQ-ACK feedback scenarios, the slot index should be either semi-statically configured or dynamically signaled to the UE. 
Proposal 3: The time domain resource for a short duration PUCCH format carrying P-CSI/SR can be configured by higher layer signaling.
Resource allocation for long duration PUCCH
Since it was agreed to support TDM multiplexing between short duration PUCCH and long duration PUCCH for different UEs and the same UE in one slot, there should be a signaling mechanism to indicate the time domain resources assigned to each long duration PUCCH transmission since the long duration PUCCH may not occupy the whole UL region in one slot. For simplicity, the same time domain resource indication method as discussed for short duration PUCCH can be used for long duration PUCCH. 
Since the set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}, it means for one slot with 14 symbols, length of 4~14 can be used. It can be seen from Table 1, for one slot with 14 symbols, 4 bits are required to indicate the starting symbol in one slot, and at most 4 bits are required to indicate the length from 4 to 14 symbols if needed. Similar as short duration PUCCH, the length indication in the DCI is required when dynamic slot structure configuration is used since the UL resource size may be changed from slot to slot. Alternatively, the length can be semi-statically configured by higher layer signaling according to the coverage requirement when semi-static slot structure configuration is used since the UL resource size is fixed in each slot. However, it requires configuration restriction on the UL region in one slot to satisfy the configured length of PUCCH.
To reduce the overhead of time domain resource indication in DCI, a UE can implicitly determine the end of the long duration PUCCH format based on a predefined short duration PUCCH format region in the UL region in one slot, which means there is no need to indicate the length of long duration PUCCH or there is no need to indicate the starting of long duration PUCCH when the length of long PUCCH is known by UE. This is similar to shortened PUCCH in LTE in order to transmit SRS but it may result in inefficient resource utilization as a short duration PUCCH may not always be transmitted in the predefined region. When considering the TDM multiplexing between long duration PUCCH and PUSCH or short duration PUCCH, a predefined UL region can be configured to long duration PUCCH format, so as to ensure UE implicitly determine PUSCH region and short duration PUCCH region based on a pre-defined long duration PUCCH format region and also reduce the DCI overhead since long duration PUCCH can be assumed to span all the symbols in the predefined region without indication of starting symbol and lengths.
Table 1: Time domain resource allocation for long duration PUCCH

	PUCCH duration
	Number of available starting symbols
	Minimum required bits in DCI

	4
	11
	4

	5
	10
	4

	6
	9
	4

	7
	8
	3

	8
	7
	3

	9
	6
	3

	10
	5
	3

	11
	4
	2

	12
	3
	2

	13
	2
	1

	14
	1
	0


It was agreed to support a long duration PUCCH spanning multiple slots and allowing a total duration of at least 1ms in some cases. One motivation for this agreement on multi-slot long duration PUCCH is to ensure that NR can provide the same UL coverage as LTE. In this case signaling mechanism should be provided to indicate the number of slots that are occupied by the long duration PUCCH. For long duration PUCCH carrying HARQ-ACK, the number of slots can be semi-statically configured since the UL coverage may be not changed so quickly or can be dynamically indicated in the DCI scheduling the corresponding DL assignment to increase flexibility. The starting slot index for PUCCH can be obtained from the HARQ-ACK timing indication in the DCI assuming that HARQ-ACK timing is defined based on the unit of slot.
For long duration PUCCH carrying P-CSI/SR, the time domain resource including the starting symbol and length and number of slots occupied by the long duration PUCCH can be semi-statically configured. 
Same as short duration PUCCH, we consider that the length of PUCCH is mainly determined by the coverage of UE, it may not change frequently, hence we assume the length of PUCCH can be semi-statically configured and DL DCI indicates the starting symbol in one slot, in other words, method 2 is more preferred. 

Proposal 4: The time domain resource of a long duration PUCCH format can be indicated with the following methods:
· DL DCI indicates the starting symbol in each slot. The length of the time domain resource is semi-statically configured by higher layer signaling for each slot.
· The starting symbol can be any symbol in one slot or one of multiple predefined time domain positions or symbols in a predefined short duration PUCCH format region.
Proposal 5: The number of slots for the long duration PUCCH format conveying HARQ-ACK feedback can be configured by higher layer signaling or indicated in the DL DCI scheduling the corresponding DL assignment.

Proposal 6: The time domain resource for a long duration PUCCH format carrying P-CSI/SR can be configured by higher layer signaling.
2.2 Frequency domain resource allocation
The frequency domain resource for both short duration PUCCH format and long duration PUCCH format can be indicated with two alternatives as follows:
· Alt 1: One or multiple frequency resource sets are semi-statically configured for a UE by higher layer signaling.
· Alt 2: Multiple frequency resource sets with different resource sizes can be semi-statically configured for a UE by higher layer signaling.  One of configured frequency resource set is used based on the desired capacity and indicated by the DCI.

· The required numbers of indication bits depend on the number of supported frequency resource sets. Since there may be less time domain resource as in LTE, more RBs may be needed to achieve similar transmission performance as LTE. Larger granularity can be considered to reduce the DCI overhead. It should be further considered whether to support multiple RB for short and long duration PUCCH for 1~2 bits UCI. For long duration PUCCH, one RB may be enough.
Alt 1 is used for more static payload sizes, such as P-CSI/SR feedback. Alt 2 is used when the payload size varies in time, as it was agreed for HARQ-ACK in RAN1#88 meeting. To ensure UE can always obtain PUCCH resource for HARQ-ACK when UE receive at least one DL DCI so as to avoid the fallback to implicit resource as in LTE, the field in the DL DCI which is used to indicate the PUCCH resource should always be present. The capacity of NR PUCCH could be dynamically adjusted to support different payload sizes.

Different types of short and long PUCCH may require different indication contents in the frequency domain resource set by considering different transmission structures, as listed in Table 2. To achieve the randomization of CS index on each transmission symbol of NR PUCCH, for short and long PUCCH format for 1~2 bits UCI, formula or rule to obtain different CS indices for different symbols in one slot should be considered. One simple way is to predefine a simple formula to obtain the CS index for each symbol in one slot based on the configured CS index in Table 1, such as 
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is the index of symbol in one slot and k is a predefined value. Another way is to reuse LTE mechanism by indicating the PUCCH index for one UE, so as to obtain the corresponding CS index\OCC index\RB index based on the PUCCH index according predefined formulas for each symbol in one slot. To support the multiplexing of PUCCH with different lengths, it is simple and beneficial to define a unified solution to generate CS for each symbol in one slot; reusing LTE mechanism is more preferred for simplicity and flexibility.
It should be noticed that for long PUCCH with different lengths, the number of OCC may be different, which means different multiplexing capacity should be considered for different lengths when we defined the formulas or rules. In addition, there should be different methods to determine the RB allocation when uses or not use frequency hopping for NR PUCCH.
Table 2: Necessary information for frequency domain resource for different PUCCH formats

	PUCCH format
	Content in each frequency domain resource set

	Short PUCCH for 1~2 bits UCI
	CS index and RB index;

Number of RB when supports more than 1 RB;

	Long PUCCH for 1~2 bits UCI
	CS index and RB index by assuming only 1 RB is used;

OCC index when used;

	Short PUCCH for > 2 bits UCI
	Number of RB and starting RB index;

	Long PUCCH for large payload size 
	Number of RB and starting RB index;

	Long PUCCH for medium payload size
	Number of RB and starting RB index when supports more than 1 RB; or RB index when supports only 1 RB;

OCC index;


Proposal 7: The frequency domain resource of both short duration PUCCH format and long duration PUCCH format can be configured by higher layer for P-CSI/SR.

Proposal 8: The indication field for HARQ-ACK PUCCH resource should always be present in the DCI.

Proposal 9: It should be further considered whether to support multiple RB for short and long duration PUCCH for 1~2 bits UCI.

Proposal 10: A unified CS generation method for each symbol in one slot should be defined by considering the following method:
· Reuse LTE mechanism by indicating the PUCCH index for one UE, so as to obtain the corresponding CS index\OCC index\RB index based on the PUCCH index according predefined formulas for each symbol in one slot.
2.3 Separate or joint indication of time and frequency resource allocation
When dynamic slot structure configuration is used, there will be multiple slot structures with different combinations of the number of DL and UL symbols, which means there will be a lot of cases in time domain resource allocation. In addition, since NR-PUCCH may have different lengths in time domain, to support the same number of UCI transmission, different frequency domain resource sizes will be required according to the time domain length of NR-PUCCH. The time domain resource and frequency domain resource can be jointly signaled from a semi-statically configured set of PUCCH resources, where each entry in this resource set indicates a combination of a time domain resource and a frequency domain resource. A field in the DCI scheduling a DL assignment indicates an entry in the semi-statically configured set of time-frequency PUCCH resources. However, at most 1 bit DCI overhead can be reduced if joint configure both the time and frequency domain PUCCH resource. For example, there are X possible time domain PUCCH resource and Y possible frequency domain PUCCH resource, there are totally X*Y PUCCH resource, then the number of needed indication bits for joint indication is ⌈log2(X*Y)⌉, and the number of needed indication bits for separate indication is ⌈log2(X) + log2(Y)⌉, then at most 1 bit can be saved by joint indication. Hence, separate indication is preferable since it is more flexible.
Proposal 11: For PUCCH resource indication, time domain resource and frequency domain resource can be separately indicated.
2.4 Initial PUCCH resource determination
For HARQ-ACK feedback of Msg. 4 transmission during the RACH procedure, since the set of PUCCH resources has not been configured to the UE before RRC connection establishment, how to indicate the PUCCH resource for Msg. 4 should be further considered. Generally, there are three options can be considered as below:
· Option 1: Indicate the PUCCH resource in SIB for HARQ-ACK feedback of Msg. 4
· Option 2: Indicate the PUCCH resource in RAR for HARQ-ACK feedback of Msg. 4
· Option 3: Indicate the PUCCH resource in both SIB and RAR for HARQ-ACK feedback of Msg. 4
In option 1, a cell-specific PUCCH resource pool is configured in SIB, and DCI indicates one actual PUCCH resource. Considering the potential large number of UEs transmitting PUCCH in one subframe, the number of PUCCH resources should be large enough to avoid undesirable PUCCH blocking. However, large DCI payload caused by PUCCH resource indication is undesirable. In option 2, a UE-specific PUCCH resource pool is configured in RAR, and DCI indicates one actual PUCCH resource. But since multiple RAR messages are aggregated and broadcasted to multiple UEs as common control message, larger amount of resource for PDSCH carrying aggregated RAR messages can be expected in order to ensure robust performance for random access. Hence, it is not desirable to substantially increase the payload size of each individual RAR message. In option 3, a sub-set of PUCCH resource pool is indicated by RAR, which can be UE-specific or UE-group specific for a bunch of UEs receiving the same RAR. Then,  DCI scheduling Msg. 4 indicate the actual PUCCH resource from the sub-set. Comparing the three options, option 3 is more preferred for small DCI overhead.  

Proposal 12: For HARQ-ACK feedback of Msg. 4, the PUCCH resource can be indicated by both SIB and RAR.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: The time domain resource of a short duration PUCCH format can be dynamically signaled in the DL DCI scheduling the associated DL data transmission using the following method:
· DL DCI indicates the starting symbol in each slot. The length of the time domain resource is semi-statically configured by higher layer signaling for each slot.
· The starting symbol can be any symbol in one slot or one of multiple predefined time domain positions or symbols in a predefined short duration PUCCH format region.
Proposal 2: If the short duration PUCCH format can be used for both self-contained and non-self-contained HARQ-ACK feedback scenarios, the slot index should be either semi-statically configured or dynamically signaled to the UE. 
Proposal 3: The time domain resource for a short duration PUCCH format carrying P-CSI/SR can be configured by higher layer signaling.

Proposal 4: The time domain resource of a long duration PUCCH format can be indicated with the following methods:
· DL DCI indicates the starting symbol in each slot. The length of the time domain resource is semi-statically configured by higher layer signaling for each slot.
· The starting symbol can be any symbol in one slot or one of multiple predefined time domain positions or symbols in a predefined short duration PUCCH format region.
Proposal 5: The number of slots for the long duration PUCCH format conveying HARQ-ACK feedback can be configured by higher layer signaling or indicated in the DL DCI scheduling the corresponding DL assignment.

Proposal 6: The time domain resource for a long duration PUCCH format carrying P-CSI/SR can be configured by higher layer signaling.
Proposal 7: The frequency domain resource of both short duration PUCCH format and long duration PUCCH format can be configured by higher layer for P-CSI/SR.

Proposal 8: The indication field for HARQ-ACK PUCCH resource should always be present in the DCI.

Proposal 9: It should be further considered whether to support multiple RB for short and long duration PUCCH for 1~2 bits UCI.

Proposal 10: A unified CS generation method for each symbol in one slot should be defined by considering the following method:

· Reuse LTE mechanism by indicating the PUCCH index for one UE, so as to obtain the corresponding CS index\OCC index\RB index based on the PUCCH index according predefined formulas for each symbol in one slot.
Proposal 11: For PUCCH resource indication, time domain resource and frequency domain resource can be separately indicated.
Proposal 12: For HARQ-ACK feedback of Msg. 4, the PUCCH resource can be indicated by both SIB and RAR.
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