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1. Introduction

Remaining issues for R15 NR PUCCH resource allocation are discussed. They are summarized in this paper, which should be resolved in RAN1#94bis meeting.
2. PUCCH resource configurations
2.1. On configuration of simultaneousHARQ-ACK-CSI
Huawei [1] observes that in the current version of TS 38.331, the parameter simultaneousHARQ-ACK-CSI is configured per PUCCH format as following:

PUCCH-FormatConfig ::=




SEQUENCE {


interslotFrequencyHopping



ENUMERATED {enabled}













OPTIONAL, 
-- Need R


additionalDMRS






ENUMERATED {true}














OPTIONAL,
-- Need R


maxCodeRate







PUCCH-MaxCodeRate














OPTIONAL,
-- Need R


nrofSlots







ENUMERATED {n2,n4,n8}













OPTIONAL, 
-- Need S


pi2BPSK








ENUMERATED {enabled}













OPTIONAL, 
-- Need R


simultaneousHARQ-ACK-CSI



ENUMERATED {true}














OPTIONAL
-- Need R

}
In this case, the new PUCCH resource for multiple UCIs is determined as the total bits of UCIs increase and it is possible to correspond to a different PUCCH format. So it is risky that parameter simultaneousHARQ-ACK-CSI is configured conflicting between the original and new PUCCH resources. As an example, HARQ-ACK and periodic/semi-persistent CSI transmit simultaneously, the parameter simultaneousHARQ-ACK-CSI is configured to be true for the original PUCCH resource for HARQ-ACK but configured to be false for the re-determined new PUCCH resource. As a consequence, the UE cannot decided whether the UCIs shall be multiplexed in the new PUCCH or not. To resolve the problem, the using of parameter simultaneousHARQ-ACK-CSI in TS38.331 should be clarified. The parameter simultaneousHARQ-ACK-CSI should be configured in PUCCH-Config but not in PUCCH-FormatConfig. If it is applicable for all format configurations in this BWP rather than for a single format.
Proposal: RAN 1 should clarify the parameter “simultaneousHARQ-ACK-CSI” is applicable for a single format configuration or all format configurations in one BWP.

· Note: Related RAN2 specification should be modified if needed
2.2. Time for re-configuration to become effective
Nokia [6] thinks that it is to clarify the time for PUCCH resource re-configuration to become effective.
In NR, after the UE has a dedicated PUCCH resource configuration, it uses the PUCCH resource sets to determine the PUCCH resource to use for the HARQ-ACK of a dynamically scheduled PDSCH. If there is a reconfiguration of the PUCCH resource sets, there will be a time period of ambiguity during which the base station will not be able to determine if the UE is using the old PUCCH resource sets or the new PUCCH resource sets. During this time, the base station might have to attempt to receive the PUCCH resource based on the new and old configurations. This leads to a loss of efficiency as the network reserves resources on the old and new configurations. Furthermore, it requires the base station to double decode the PUCCH resource based on the old and new PUCCH configurations.

To avoid or at least minimize this ambiguity, the UE can apply the new configuration N subframes after the subframe in which the HARQ-ACK acknowledgment of the PDSCH carrying the RRC reconfiguration message is transmitted. The value N should account for all the time required for the network to receive confirmation that the PDSCH carrying the RRC reconfiguration message has been successfully received by the UE. This includes the time for receiving the initial HARQ-ACK and any subsequent PDSCH(s) if the HARQ-ACK is not successfully received by the UE.

Figure 3, shows an example where the PUCCH resource set reconfiguration is received by UE, but the HARQ-ACK acknowledging the reception is not received by the gNB (PUCCH misdetection). The gNB retransmits the reconfiguration message on PDSCH, there might be several retransmissions on PDSCH before the UE receives the message and acknowledges it and the gNB gets the acknowledgement. During this time, the UE should continue to use the old configuration. After the UE receives the new reconfiguration message (which is the same as the old one),if there is no reconfiguration message received during the delay of N subframes after the HARQ-ACK, it switches over to the new PUCCH configuration. 
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Figure 3: Reconfiguration timer for PUCCH resource sets.

Proposal: After a PUCCH resource re-configuration is successfully received by the UE, with a HARQ-ACK sent in subframe n, the new resource configuration becomes effective for PDSCH transmisison occuring in subframe n+N, as long as no other PUCCH resource re-configuration is successfully received by the UE before subframe n+N.
2.3. Offline discussion outputs
3. Determination of PUCCH resource

3.1. “Last DCI” for implicit mapping
ZTE [2] thinks the definition of “last DCI” for implicit mapping of PUCCH resource is problematic.

In section 9.2.3, “last DCI” is defined to indicate the finally transmitted PUCCH channel resource as below, 

	For a PUCCH transmission with HARQ-ACK information, a UE determines a PUCCH resource after determining a set of PUCCH resources for 
[image: image2.wmf]UCI
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 HARQ-ACK information bits, as described in Subclause 9.2.1. The PUCCH resource determination is based on a PUCCH resource indicator field [5, TS 38.212] in a last DCI format 1_0 or DCI format 1_1, among the DCI formats 1_0 or DCI formats 1_1 that have a value of a PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, that the UE detects and for which the UE transmits corresponding HARQ-ACK information in the PUCCH where, for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order across PDCCH monitoring occasion indexes. 


The above definition has an implicit assumption that only one DCI containing a PUCCH resource indicator field can be detected in one PDCCH monitoring occasion, but in fact the current specification in section 10.1 allows more than one DCI scheduling PDSCH in one PDCCH monitoring occasion, as shown below,
	For a serving cell and at any time, a UE expects to have received at most 16 PDCCHs with DCI formats scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs with DCI formats scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol. 


Thus the above definition for “last DCI” may cause ambiguity if there are two or more DCIs containing a PUCCH resource indicator field for one UE in one PDCCH monitoring occasion. So the order of multiple DCIs containing a PUCCH resource indicator field for one UE in one PDCCH monitoring occasion should be defined.

On the other hand, even there is only one DCI containing a PUCCH resource indicator field for one UE in one PDCCH monitoring occasion, the above definition seems problematic in other situations. Let’s see the Fig.1-a below. According to the definition, PDCCH monitoring occasion 3 on CC1will be the last DCI. 

In Fig. 1-b, if DCIs are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order across PDCCH monitoring occasion indexes, PDCCH monitoring occasion 3 on CC1 will be the last DCI. But in fact it is more reasonable to take PDCCH monitoring occasion 7 on CC0 as the last DCI, because when scheduling DCI on PDCCH monitoring occasion 3 on CC1, gNB may have no idea that a new DCI/PDSCH will be scheduled in PDCCH monitoring occasion 7 on CC0. Thus, the HARQ-ACK resource assigned by DCI in PDCCH monitoring occasion 3 on CC1 may not suitable for HARQ-ACK transmission for all the PDSCHs.

Other problematic case may happen when you don’t have real latest DCI for the highest CC index at all, due to different SCSs in CCs.
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Fig. 1-a
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Fig. 1-b

A proper modification can be “…… detected DCI formats are first indexed in an ascending order across starting time of PDCCH monitoring occasions, then indexed in an ascending order across serving cells indexes and then indexed in an ascending order across starting CCE indexes.” 

Proposal: Definition for“last DCI”should be clarified and modified to allow the situation when multiple DCIs containing a PUCCH resource indicator field in one PDCCH monitoring occasion.

3.2. Determination of slot for PUCCH transmission
OPPO [5] observes that the determination of slot for PUCCH transmission may be problematic.
The determination of slot for PUCCH transmission in current TS 38.213 section 9.2.3 is only applicable for the case of the numerology of PDSCH/PDCCH is same as the PUCCH used to transmit corresponding HARQ-ACK bits. Once the numerologies of PDSCH/PDCCH and PUCCH used to transmit corresponding HARQ-ACK are different, how to determine the slot for HARQ-ACK transmission should be defined.

	9.2.3
UE procedure for reporting HARQ-ACK

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 

For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 1_1, if present, the PDSCH-to-HARQ-timing-indicator field values map to values for a set of number of slots provided by higher layer parameter dl-DataToUL-ACK as defined in Table 9.2.3-1. 

For a SPS PDSCH reception ending in slot [image: image5.wmf]n

, the UE transmits the PUCCH in slot [image: image6.wmf]k
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 is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. 

If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot [image: image8.wmf]n

, the UE provides  corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is provided by higher layer parameter dl-DataToUL-ACK.
With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot [image: image11.wmf]n

 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot [image: image12.wmf]n

, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: image13.wmf]k
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, where [image: image14.wmf]k

 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing or, in case of SPS PDSCH release if the PDCCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing, 
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 corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing or, in case of SPS PDSCH release if the PDCCH subcarrier spacing is smaller than the PUCCH subcarrier spacing, 
[image: image16.wmf]0

=

k

 corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.    


Proposal: The determination of slot for HARQ-ACK transmission should be modified.
----------------------------------------------------Text proposal ------------------------------------------------------------------
	9.2.3
UE procedure for reporting HARQ-ACK

A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot. 

For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 1_1, if present, the PDSCH-to-HARQ-timing-indicator field values map to values for a set of number of slots provided by higher layer parameter dl-DataToUL-ACK as defined in Table 9.2.3-1. 

For a SPS PDSCH reception ending in slot [image: image17.wmf]n

, the UE transmits the PUCCH in slot 
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where [image: image20.wmf]k

 is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception, and 
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are the subcarrier spacing configurations for PUCCH and SPS PDSCH, respectively. 

If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot [image: image23.wmf]n

, the UE provides  corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 where 
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 is provided by higher layer parameter dl-DataToUL-ACK, 
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 is the subcarrier spacing configuration for PUCCH, and 
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is the subcarrier spacing configuration for PDSCH in slot [image: image29.wmf]n

.

With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot [image: image30.wmf]n

 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot [image: image31.wmf]n

, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot 
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, where [image: image34.wmf]k

 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK , 
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is the subcarrier spacing configuration for PUCCH, and 
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is the subcarrier spacing configuration for PDSCH in slot [image: image37.wmf]n

 or PDCCH, indicating a SPS PDSCH release, in slot [image: image38.wmf]n

. If the PDSCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing or, in case of SPS PDSCH release if the PDCCH subcarrier spacing is equal to or larger than the PUCCH subcarrier spacing, 
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 corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release. If the PDSCH subcarrier spacing is smaller than the PUCCH subcarrier spacing or, in case of SPS PDSCH release if the PDCCH subcarrier spacing is smaller than the PUCCH subcarrier spacing, 
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 corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.     


---------------------------------------------------End of text proposal ------------------------------------------------------------
3.3. Offline discussion outputs

4. Resource allocation for HARQ-ACK before RRC connection setup
4.1. DCI format before UE has a dedicated PUCCH configuration
vivo [3] and Panasonic [4] express their views on DCI format before UE has a dedicated PUCCH configuration, which was discussed last meeting.
In RAN1#94, there was a discussion that whether DCI format 1-1 can be used before UE has a dedicated PUCCH configuration. Following two alternatives were identified [2].

· Alt.1: Applicable DCI format is restricted to format 1-0 in the case a UE does not have a dedicated PUCCH resource allocation.

· Alt.2: Applicable DCI format is both format 1-0 and 1-1 in the case a UE does not have a dedicated PUCCH resource allocation.

Panasonic [4] thinks the reason for Alt.1 is RMSI-indicated PUCCH resource set only support 1-bit HARQ-ACK. On the other hand, it is a valid scenario that a UE can be configured with UE-specific transmission parameters and thereby configured to monitor DCI format 1-1 but not be provided a dedicated set of PUCCH resources if the network does not deem it necessary. It is similar to LTE operation where default PUCCH resource is used mainly. In the current specification TS38.213 Section 9.2.1 has been already written based on Alt.2. Then, no need to change the current specification.

Observation: Applicable DCI format is both format 1-0 and 1-1 in the case a UE does not have a dedicated PUCCH resource allocation. No need to change the current specification TS38.213 Section 9.2.1.

However, vivo [3] proposes a TP for clarifying PUCCH resource configuration for HARQ-ACK before RRC connection setup.
Proposal: Endorse the following TP:
------------------------------------------Start of Text Proposal -------------------------------------------

9.2.1
PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: image42.png]NSize



 PRBs provided by SystemInformationBlockType1. 
The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset [image: image43.wmf]offset
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, and a cyclic shift index set for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping. An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1. The UE transmits the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. 

The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection as described in [12, TS38.331]. 
The UE does not expect to generate more than two HARQ-ACK information bit prior to having dedicated PUCCH resource configuration.

If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format 1_0 or DCI format 1_1, the UE determines a PUCCH resource with index [image: image44.wmf]PUCCH
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 is a number of CCEs in a control resource set of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, [image: image48.wmf]0
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 

------------------------------------------End of Text Proposal -------------------------------------------

4.2. PUCCH resource used before UE has a dedicated PUCCH configuration
In vivo’s observation [3], there were three PUCCH resources defined in the spec,

(1) Dedicated PUCCH resource, which is  provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config

(2) Common PUCCH resource in BWP configuration (dedicated signaling), which is provided by pucch-ConfigCommon

(3) Common PUCCH resource configured by SIB1, which is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1
The spec only defines when (1) is absence, UE shall use the resource provided by (3). However, (2) is still useful for EN-DC and handover case. And for EN-DC and handover case, (3) can be absence from the current signalling procedure. Therefore, the spec shall provide the UE behaviors for such case.

Furthermore, prior to establishing RRC connection, it is agreed that UE does not expect to generate more than one HARQ-ACK information bit. However, after establishing RRC connection and before UE has a dedicated PUCCH resource, the UE use either (2) or (3) as PUCCH resource. Both of them has a limitation of the HARQ-ACK payload size up to 2-bit. Therefore, it is proposed to add restriction for the HARQ-ACK information bits for such case.

Proposal: Endorse the following TP:
------------------------------------------Start of Text Proposal -------------------------------------------

9.2.1
PUCCH Resource Sets

If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter either PUCCH-ResourceSet in PUCCH-Config or pucch-ConfigCommon, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: image51.png]NSize



 PRBs provided by SystemInformationBlockType1. 
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, but does have dedicated PUCCH resource configuration provided by higher layer parameter pucch-ConfigCommon, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in PUCCH-ConfigCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of  [image: image53.png]N Size



 PRBs provided by BWP-UplinkCommon. 

The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset [image: image54.wmf]offset
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The UE does not expect to generate more than one HARQ-ACK information bit prior to establishing RRC connection as described in [12, TS38.331]. 
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 is a number of CCEs in a control resource set of a PDCCH reception with DCI format 1_0 or DCI format 1_1, as described in Subclause 10.1, [image: image59.wmf]0
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------------------------------------------End of Text Proposal -------------------------------------------

4.3. Offline discussion outputs
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