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1. Introduction
The agreements related to PUCCH resource allocation are listed below:
Agreements: (RAN1#87)
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
Agreements: (RAN1#88)
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping
Agreements: (RAN1#90)
· 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
· [bookmark: _Hlk491366649]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.
Agreements: (RAN1#AH NR3)
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined
Agreements: (RAN1#90bis)
· 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: (RAN1#90bis)
· 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
Agreements: (RAN1#90bis)
· For short-PUCCH for UCI of more than 2 bits
· Only contiguous PRB allocation within a symbol is supported in release-15
· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:
· As a function of UCI payload size 
· Dynamic indication via DCI
· FFS the detailed determination method
· FFS the set of supported PRBs
Agreements: (RAN1#90bis)
· Support Pre-DFT-OCC as the UCI structure for long PUCCH for UCI of more than 2 bits with moderate payload 
· FFS:  DMRS structure between CDM and IFDM
· Considering the impact on channel estimation and power imbalance among UEs
· It will be denoted as a new format 
· Support multiplexing capacity of 2 and 4 users for long PUCCH for UCI of more than 2 bits with moderate payload using one PRB in Rel-15
· FFS design of OCC
· No RRC signalling is necessary 
Agreements: (RAN1#90bis)
· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 
· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission
· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively
· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)
· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determation and HARQ-timing determination
In the chairman's notes of RAN1#90bis meeting [1], a email discussion was arranged:
· Email discussion/approval on how UE selects one PUCCH resource set from multiple configured PUCCH resource sets till 10/27 – Jia (OPPO)
2. Discussions
2.1. Discussion status in RAN1#90bis 
According to the agreement below in RAN1#90bis, it was agreed that a new PUCCH format will be introduced capturing long PUCCH with UCI of more than 2 bits with pre-DFT-OCC.
· Support Pre-DFT-OCC as the UCI structure for long PUCCH for UCI of more than 2 bits with moderate payload 
· FFS:  DMRS structure between CDM and IFDM
· Considering the impact on channel estimation and power imbalance among UEs
· It will be denoted as a new format 
· ……
The working assumption on PUCCH format definitions for this discussion can be summarized in the following table:
Table 1: Working assumption on PUCCH format definitions
	PUCCH format
	Number of symbols in a slot
	Number of UCI bits
	Pre-DFT OCC

	0
	1 – 2
	≤2
	N.A.

	1
	4 – 14
	≤2
	N.A.

	2
	1 – 2
	>2
	N.A.

	3
	4 – 14
	>2
	No

	4
	4 – 14
	>2
	Yes




The lasted discussion status on how UE selects one PUCCH resource set from multiple configured PUCCH resource sets was presented in the latest summary of offline discussion during RAN1#90bis [2]. The proposal from the offline discussion was below. And an example of Alt.1 is illustrated in Figure 1.
Proprosal from offline in RAN1#90bis:
Down-select from following two alternatives:
· Alt.1: UE can select one PUCCH resource set from multiple configured PUCCH resource sets based on the UCI payload size (not including CRC). (E///, ZTE, MTK, Pana, HW, OPPO, DCM)
· K PUCCH resource sets. PUCCH resource set i for UCI [Ni ~ Ni+1-1] bits (i=0, …, K-1). 
· N0=1.
· N1=3.
· FFS: value of K. (Example: K=4)
· Ni (i >1) is minimum number of UCI bits for which PUCCH resource set is used. If K > 2 and 1 < i < K-1, Ni is semi-statically configured. (Example: N2 = 20; N3 =100)
· One of [x] PUCCH resources in the selected PUCCH resource set is indicated by the PUCCH resource indicator in DCI.
· FFS: One of the PUCCH resources can be implicitly derived .
· FFS: Some resource sets can be configured differently for PDSCH mapping Type A and PDSCH mapping Type B.
· FFS: Further restriction of the resource set based on signaling from gNB by DCI or MAC CE.
· FFS: Resource set selection based on UCI type.
· Alt.2: One or mutliple PUCCH resource set(s) for each format
· Alt.2-1 (Intel): Multiple PUCCH resource sets for each format
· Alt.2-2 (Nokia): Multiple PUCCH resource sets for each format with MAC CE indication.
· Alt.2-3 (QC): One PUCCH resource set for one format. Use RRC signaling to distinguish resource set for short and long PUCCH. Reuse the implicit PUCCH resource indication scheme for LTE PUCCH format 1A/1B for both long PUCCH with up to 2 bits HARQ-ACK and short PUCCH with up to 2 bits HARQ-ACK.
· FFS: enhancement of the implicit mapping function to avoid collision in the case of
· Multiple CORESET
· PUCCH MU-MIMO
· Alt.2-4 (LGE): Both short and long PUCCH resource sets can be configured to a UE. A threshould of UCI payload, e.g. 100 bits is used for the UE to select between the two resource sets.
[image: ]
Figure 1: Example of Alt.1
2.2. Companies’ comments on the two alternatives during email discussions
During the email discussions, companies provided intensive comments on the two alternatives :
Comments on Alt.1:
The advantages of Alt.1 identified in RAN1#90bis offline and the email discussion include: (1) This approach can well support the dynamic switching between long and short PUCCHs by mixing the resources of long and short PUCCHs in a resource set. (2) Compared to Alt.2-1, Alt.1 can support unevenly-distributed numbers of resources between long and short PUCCHs, e.g. 5+3, 6+2, whereas Alt.2-1 can only support 4+4. (3) If more resource sets need to be configured for better flexibility, different resource sets can be configured for different payloads over 2 bits UCI.
· Nokia: With Alt 1, we have finer control over the number of long and short PUCCH resources. For example, we could have a resource set with 1 long PUCCH and 3 short PUCCH rather than 2+2. This finer control allows us to have the resource set better matching the channel conditions. Indeed to take this one set further, we can configure multiple resource sets in the UE, and based on the channel conditions, one of these resource sets is indicated to the UE – This indication happens at a slower rate than the rate at which the PUCCH is actually used.
· MediaTek:  The way how to select set of PUCCH resource (i.e. by payload) is simple and clear. If gNB see need to configure more PUCCH candidates, gNB can configure more sets with finer payload granularity,  i.e. each set supports smaller payload range.
However some concerns and considerations on introducing implicit mechanism for Alt.1 were also expressed in the mail discussion:
· Collision problem due to complete explicit resource indication
It was agreed the collision problem needs to be considered. However, different companies have different views on the significance of the issue and if explicit indication can solve the issue:
· Qualcomm introduced some simulation results (see Appendix 5.1) showing that when 20-50 resources are configured for 200 UEs, the resource colision would happen even with 2-3 bits DCI resource indication. Hence Qualcomm thinks Alt 1 (explicit indicating HARQ-ACK resources in DCI) not only increases DCI overhead, but also created a significant issue of PUCCH resource collision.
· Lenovo: In our view, even though explicit bits in DCI is necessary, implicit way provides additional flexibility which we think is necessary to avoid PUCCH resource blocking and also beneficial to support so many use case in NR. So we support implicit indication + explicit indicating bits in DCI for addressing the PUCCH resource.
· Samsung thinks regarding the PUCCH resource collisions, the tradeoff in the end is between additional UL overhead vs. increased DCI bits. Implicit resource configuration can be beneficial but there should be no significant impact (collision issue) if a gNB operates without it and uses a 2-bit field in the DCI for explicit resource indication.
· MediaTek thinks typically there are not too many UEs transmitting 1or2 bits HARQ-ACK at the same time. Explicit indication of 4 candidates may be enough. Furthermore, NR supports dynamic indication of K1, which can ever reduce the collision of PUCCH resource. Therefore, the collision of PUCCH resource is not a serious issue. Moreover, if necessary, it seems to me, some implicit indication may be introduced as part of Alt 1.
· Need of dynamic switching between long and short PUCCH
Some use cases were discussed in RAN1#90bis offline. However, some companies still doubt the necessity:
· LGE: Still we are questionable on that PUCCH format (e.g., short or long format) needs to be varied dynamically for a given UCI payload size. For a given coverage situation, RRC configured PUCCH format for a given UCI payload size seems sufficient. In other words, we think it is reasonable to configure one PUCCH format for a specific UCI payload size.
· Samsung: The extra bit in the DCI is in principle unnecessary to switch from a short format to a long format as this can be handled as part of the usual fallback procedures (gNB uses fallback DCI when coverage deteriorates and then PUCCH is with the long format – it is not meaningful to allow use short format when UE receives fallback DCI).  I think it should be ‘smallest payload in poor coverage …”? In addition to number of symbols, number of PRBs and UE Tx power (interference) also determine UL resource utilization. At least for a non-power limited UE, symbols can be traded off for PRBs and/or Tx power while a power limited UE (for short PUCCH) anyway uses long PUCCH. The main purpose for short PUCCH is primarily for fast feedback – it does not offer overhead savings.
In the email discussion, more companies think it is a necessary use case (e.g. for falling back to long PUCCH):
· Ericssion believes that it is important not to preclude the flexibility to choose dynamically at least between a short PUCCH and a long PUCCH format. For example, when a short PUCCH format temporarily loses coverage, which could happen much more rapidly and more often in a system employing beamforming, it would be difficult to rely on RRC signaling to change to a long PUCCH format when the loss of the short PUCCH coverage does not allow the UE to send any acknowledgements. It may be possible to potentially operate a system very conservatively (use long PUCCH if there is any chance of bad coverage) without the flexibility to dynamically fall back on the long PUCCH in some deployments, but it is important to allow the PUCCH resource selection framework to have such dynamic fall back as an option to ensure a robust design.
· Lenovo: Dynamically changing the PUCCH format is important to the whole system since we need to support more diversified use cases and also larger range of UCI type and payload compared with LTE. 
· Nokia: The two extreme cases here are a UE with large UCI payload (in a UCI payload range) and in poor coverage condition, this might require the use of long PUCCH. The second case is a UE with smaller UCI payload (in the same UCI payload range) and in good coverage (not power limited) this can use fewer number of symbols to transmit UCI data (e.g. short PUCCH). Having short and long PUCCH resources in the same set and being able to dynamically select between them based on the resource indicator in the DCI is beneficial.
· Panasonic: On dynamic variation of PUCCH format (short or long), we think if RRC signaling to distinguish resource set for short and long PUCCH is used, fall back to long PUCCH would be impossible.
· CATT: For example, in different slots with different UL duration, or temporally support self-contained CSI feedback,  or fallback requirement and etc. Generally we think these cases are valid. Only use payload is not sufficient to derive the short PUCCH or long PUCCH. Taking into account dynamic switching requirement, we don’t think RRC signaling to indicate short PUCCH or long PUCCH is sufficient.
· HW: Share similar view with several companies, NR should provide the flexibility to support dynamic changing between different PUCCH formats, same PUCCH format with different number of symbols and/or different number of PRBs. 
· Potentially complicate the PUCCH resource allocation and gNB/UE operation
Different views were expressed
· Samsung thinks separate configuration as in LTE is simpler and more generic. And in many cases, e.g. at least for UCI other than dynamic HARQ-ACK or when a NW/UE does not support all PUCCH formats, joint configuration is meaningless.
· HW: Alt. 1 can achieve Alt. 2-1 from the configuration perspective. And it seems Alt. 1 doesn’t increase complexity from configuration perspective. For both Alt. 1 and Alt. 2, RAN 2 would need to configure/define IEs for one more multiple resource set. The only difference is that for Alt. 1, need to indicate the format for each PUCCH resource in a set, but for Alt. 2 need to indicate the PUCCH format for a resource set.
· Potential mis-understanding between gNB and UE on resource set selection if allowing UE to determine UCI payload:
· Ericsson expressed their concerns about the possibility of there being mismatches between the gNB and the UEs understanding of the PUCCH format and resources to be used for a particular transmission unless the probability of such a mismatch is going to be very low.
More companies think UE’s selection of resource set based on UCI payload size is feasible. Some improvements, e.g. enhanced DAI, can be considered:
· Samsung thinks PUCCH format determination based on the UCI payload can be considered if proven robust. This will also depend on the supported HARQ-ACK codebook determination methods (there are still FFS designs). This is not an issue that needs to (or can) be resolved now and is independent of the alternatives in this discussion topic.  It is already supported in LTE eCA. And yes, a robust DAI is needed.
· Nokia: To minimize the possibility of misalignment between the gNB and UE in determining the UCI payload size, a robust DAI mechanism should be used.
· LGE thinks PUCCH resource set can be determined based on UCI payload size (e.g., by using DAI mechanism).
· CATT: Using payload to differentiate different resource set can simplify the DCI indication. Because in one payload range, only 1 or two formats may be sufficient, then use alt 1 can simplify the signaling design. If possible, some enhancement on DAI indication can be considered.
· Huawei: Allowing UE to determine the resource set based on payload size is feasible at least for semi-static HARQ-ACK codebook determination. For dynamic HARQ-ACK codebook determination, missing some DCI is a problem. The impact may depend on the probability of missing DCI, which seems related to many factors, e.g. the channel condition, single carrier or carrier aggregation. For the cases with very low missing probability, allowing UE to determine the resource set based on payload size is still feasible because the impact would be small. For the cases where the missing probability would be higher, e.g. single carrier with poor channel condition, the impact would be more by relying on UE to determine the resource set based on payload size. It would be good to provide the flexibility to gNB and up to gNB to decide what to use. Alt. 1 could be able to provide the flexibility. For example, if not good to allow UE to determine the resource set based on UCI payload size, then gNB could just configure one PUCCH resource set including more than one PUCCH formats then using DCI scheduling PDSCH to indicate the used PUCCH format. Of course, to achieve this, N1 in Alt. 1 may need to be configured by higher layer signaling also. Alt. 2-1 seems hard to achieve this because different formats would always exist in different PUCCH resource set.

Comments on Alt.2-1:
Intel and Samsung thinks this should be the cleanest and most flexible design. Ericsson is not open for Alt.1 and Alt.2.
· Samsung thinks Alt.2-1 or Alt.2-3 is simpler and more generic. UE should follow indication from the gNB for the PUCCH resource to use – this can capture all aspects (e.g. including available UE Tx power or UL resource availability considering existence of other UL transmissions).
· Ericssion: The most important aspect is not whether we have one format or multiple formats per set. For example, if we have one set for each of two PUCCH formats with four entries in each set, and one additional bit in DCI to choose between the two formats, this is the same as having one set with eight entries, four for one PUCCH format and four for the other.
The major restriction Alt.2-1 suffers is the evenly-distributed number of long and short PUCCH resources, as pointed by Nokia (OPPO also observed so). For example, with 3-bit PUCCH resource indication in DCI (overall 8 resources can be indicated), Alt.2-1 can spend 1 bit for indicating resource set which corresponds to long or short PUCCH. But only 4+4 resources can be configured for long and short resources respectively. 5+3 or 6+2 is not doable with Alt.2-1.
· Nokia: With Alt 1, we have finer control over the number of long and short PUCCH resources. For example, we could have a resource set with 1 long PUCCH and 3 short PUCCH rather than 2+2. This finer control allows us to have the resource set better matching the channel conditions. Indeed to take this one set further, we can configure multiple resource sets in the UE, and based on the channel conditions, one of these resource sets is indicated to the UE – This indication happens at a slower rate than the rate at which the PUCCH is actually used.
· HW: For both Alt. 1 and Alt. 2-1, the number of PUCCH resource in a resource set could be the same (e.g. 4 or 8), then if we want to enable dynamic changing between PUCCH formats, Alt. 2 would need at least one more bit in DCI.
Comments on Alt.2-2:
Some concerns were expressed in the email discussion about MAC CE indication of PUCCH resource set. And Nokia further claified their proposal and explained the use cases: 
· Clarification of Alt.2-2:
· LGE:  It seems to be required to define default PUCCH resource set among the multiple sets which is used for the HARQ-ACK feedback corresponding to the PDSCH with the MAC-CE. In this case, if we consider the situation that multiple PDSCHs including the PDSCH with the MAC-CE are scheduled from gNB across multiple slots and/or multiple CCs but UE misses the DL grant corresponding to the PDSCH with the MAC-CE, there would be misalignment between UE and gNB on which PUCCH resource set is to be used for HARQ-ACK feedback (probably, UE may use the current PUCCH resource set but gNB expects the UE will use the default PUCCH resource set). To avoid the above misalignment, one possibility could be that a single PDSCH with the MAC-CE is only scheduled across multiple slots/CCs during the reselection of PUCCH resource set for the UE. However, it would cause DL scheduling restriction (and correspondingly, DL throughput loss).
Does it mean that the new PUCCH resource set configured by MAC-CE is used for the HARQ-ACK feedback corresponding to PDSCH with the MAC-CE?
· Nokia: The proposal is that during RRC setup the UE is configured with multiple PUCCH resource sets. For each payload range (assuming that the UE gets to select a PUCCH resource set based on the payload size) there is an initial resource set that UE uses until it gets configured to use a different resource set by MAC-CE. The new PUCCH resource set is used for new transmissions including MAC-CE messages.
The new PUCCH resource set is used for the HARQ-ACK of new transmissions scheduled after the MAC-CE message has been received by the UE. The initial PUCCH resource set is used for the HARQ-ACK feedback corresponding to the PDSCH with MAC-CE. After a new resource set is configured, that resource set is used. So when a MAC-CE is sent with resource new set 2, the HARQ-ACK feedback for the MAC-CE should be based on new set 1, as new set 2 wouldn’t have taken effect yet.
· Concerns about Alt.2-2:
· Qualcomm: I don’t see MAC-CE type of slow indication mechanism can work here to avoid collision. The ACK-NACK traffic of UEs are on/off in a very dynamic fashion. I do not think MAC-CE is fast enough to catch up with the ACK/NACK on/off dynamics. It seems DCI is a more reasonable choice here.
First, there are busty traffic patterns such as URLLC, VOIP. The proposal of “using MAC-CE + multiple resource configuration to avoid PUCCH resource collision” cannot work well within busty traffic scenarios. For example, one UE sees PUCCH resource collision with another UE’s ACK for DL URLLC traffic, do you want to initiate MAC-CE mechanism to indicate UE switch to another PUCCH resource set? The URLLC traffic comes and goes very quick, I don’t think MAC-CE is fast enough here. Even take URLLC or VOIP type of traffic out of consideration, because there are many UEs in the system, the traffic arrival/departure is still very dynamic from system perspective. For example, at subframe n, two PUCCH resource collides, MAC-CE mechanism is initialized to tell one UE switch to another PUCCH resource set. But how can you make sure in next a few subframes, there is no UE will start to use that new set of PUCCH resource you just switched, because the UE start to do a web-browsing? 
For VoIP, what you said maybe correct from application layer point of view. From physical layer point of view, (correct me if I am wrong), my understanding is that VoIP packet is once per 10 or 20 ms, and each packet only last typically 1 or 2ms. So the PHY traffic is indeed very bursty but not steady.
· CATT: We don’t support use RRC or MAC to indicate which resource set used, because it is too slow to track the real-time requirement.
· Nokia: First, while it is true that MAC-CE signaling is slower than DCI signaling, changes in traffic pattern can last for many subframes. For example, a user is downloading a file, or a web-page is being updated. This will allow the MAC-CE to request a new resource set to be used by the UE to avoid the PUCCH collision. Second, the use of DCI command to change the resource set is faster than MAC-CE. This event when it happens, occurs at a slow rate, as users become active or inactive. Hence, the DCI overhead, should this method be used will be quite low.
· For VoIP traffic, this has some persistence. For example a user will speak for few seconds, then there is silence for a few seconds. The call itself will last for a few minutes. During this time, the user is considered active. This is a good example for using MAC-CE signaling to change resources if a collision happens.
· When we have 200 users in a cell (the example you simulated), not all users are active at the same time. When a user (eMBB user) is active, it remains active for many slots for example to transfer a file. I think that in this type of scenario using MAC-CE to signal a different PUCCH resource set in case of collision is a plausible solution.
· For URLLC traffic, if the traffic is truly bursty and random in nature, than I agree that using MAC-CE signaling will be slow. But I am not sure that we fully understand the characteristics of the URLLC traffic to make that determination. Furthermore, URLLC traffic can use non-slot based scheduling to meet the latency requirements. The DL data might start on any symbol and uplink HARQ-ACK might also start on any symbol, and just by virtue of having many symbols to send HARQ-ACK on, the probability of collision becomes less.
· The final comment, I would like to make, is that this is an Engineering problem, where we have to find compromise between the collision rate of the PUCCH resources, the DCI overhead, the over provisioning of the PUCCH resources, and finally have a solution with good flexibility and reliability. The discussion we are having here is good to see how it is best to find this solution.
Comments on Alt.2-3:
Qualcomm proposes to use complete implicit mapping for Format 0 and 1 without any explicit configuration/indication. More companies think the implicit mechanisms should not be precluded, but it should be used jointly with explicit configuration and indication.
· Qualcomm thinks implicit mapping (similar to LTE) from PDCCH CCE index to HAQR-ACK resource can reduce PUCCH collision rate to 0 (no PUCCH resource collision). It also reduces the number of bits in DCI for HARQ resource indication.
Regarding the UE specific coreset issue, this can be solved by virtually define “PUCCH resource virtual subset” within the PUCCH resource set. Each PUCCH resource subset is corresponding to one CORESET.  Similar to allow CORESET overlap, PUCCH resource subset can also allow overlap. RRC signaling can tell UE which PUCH subset to use. In this way, no ARO field is needed in DCI. Or if you don’t want to partition PUCCH resource into virtual subsets, RRC can configure a CCE_offset for each CORESET, based on CCE index in the CORESET + CCE_offset, UE can figure out a global CCE index. The global CCE index can be utilized to do implicit mapping to PUCCH resources.
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Figure 2: Example of implicit mapping for Alt.2-3
Regarding the PUCCH collision with implicit indication in TDD due to cross-slot scheduling or due TDM CORESET with mini-slot based scheduling, we can solve the collision by increase the PUCCH resource. For example, if 2 PDSCH in different DL slots are scheduled to send ACK/NACK in the same UL slot, double the PUCCH resources in the UL slots. Please notice that with explicit resource indication, you also need to double the PUCCH resources in this case, otherwise you will see higher PUCCH collision rate, because effectively more UEs send ACK/NACK in one UL slot.
Some concerns were raised about only using implicit approaches:
· Ericsson thinks gNB should be able to choose between PUCCH resources in different slots, symbols or PRBs dynamically, considering that…there are some key differences with LTE, i.e., CORESETs are UE specific and not cell specific, HARQ timing can be variable, the lengths of the PUCCH formats can be variable, there can be multiple CORESETs within a slot etc…. and NR needs to support many different use cases such as coexistence with LTE and other future technologies, potentially CA between multiple numerologies in the future, operation in unlicensed spectrum etc. … Even in LTE, explicit methods are used for many cases such as CA.
We are open to considering implicit indication. But, it is important to also have some flexibility to dynamically assign UEs to resources within a small set, e.g., to choose the slot where PUCCH is transmitted.
· Samsung thinks explicit indication is unavoidable even if implicit indication is supported (e.g. UEs in different CORESETs can have same starting CCE for a DL DCI). We’re open to implicit indication to potentially reduce number of required DCI bits as a complement of explicit indication.
· Nokia: Implicit mapping, in our view, is not the best approach to address the collision issue. Implicit resource allocation results in excessive resource consumption, and leads to scheduler restrictions when combined with dynamic HARQ timing (this increases the system complexity). For example, if users in 4 different downlink slots can be acknowledged in the same uplink slot, and implicit signaling is used based on the PDCCH index, we would either have to increase the number of PUCCH resources by a factor of four (one set of resources for each slot), or introduced some type of scheduler restrictions to avoid collision between users in different slots. An alternative solution is to configure multiple resource sets in the UE. The UE is indicated which resource set to use. Overtime, the UE can be indicated a different resource set as the traffic conditions change to minimize the probability of collision with the PUCCH resources of other users.
As a result of having multiple coresets, the PUCCH resource resources have increased by a corresponding factor. While we might be saving on the DCI overhead, this is happening at the expense of more PUCCH resources (less efficient PUCCH resource utilization)
When we have multiple core-sets and/or are doing cross slot scheduling this increases the number of PUCCH resources. Otherwise, if we allow the PUCCH resources of multiple coresets and/or multiple slots to overlap, some type of explicit resource indication is needed in the DCI to avoid collision.
The details of the implicit mapping and compare it to the explicit mapping in terms of PUCCH resource overhead, PUCCH collision rate, and flexibility to support cross-slot scheduling and multiple core sets.
· DOCOMO: Unlike LTE, different UEs may receive PDCCH with different CORESETs. Different CORESETs have different CCE indexing. Therefore, if LTE PDCCH based PUCCH resource indication is used, the PUCCH blocking issue is anyway occurs. In LTE EPDCCH, because of this, 2-bit ARO was supported. For NR PDCCH, since the problem is not changed from LTE PDCCH, if we go with implicit PUCCH resource determination based on CCE index, we need 2-bit ARO in the PDCCH. Therefore, DCI overhead cannot be saved. With the CCE index based implicit resource indication, as long as all UEs share the same CORESET, yes, no blocking happens. But in order to efficiently utilize uplink resource, PDCCH scheduler needs to take into account PUCCH resource allocation. Compared to explicit indication, this is further complicated for us.
We are fine with having some kind of implicit indication (e.g., payload determines PF, and different PF has different set of PUCCH resources, is also a kind of implicit indication based on payload). However, we are not sure whether CCE index based implicit resource determination is a good approach, especially for the system where PDCCH configuration is UE-specific.
· CATT: In LTE, implicit indication for PUCCH resource allocation is used, but in NR, we see some issues if reusing implicit indication. Firstly, in NR, CORESET configuration is UE specific and more flexible in terms of BW and location. Secondly, for non-slot based scheduling, there may include multiple CORESETs using TDM. Then it is hard to avoid same CCE index to map to same PUCCH resource and collision would be a big problem. Though an ARO field for indicating one resource can resolve the ambiguity, however, in this sense, pure implicit mapping seems not workable. Even if implicit mapping is used, considering NR supports different starting symbol in time domain, dynamically signaling the starting symbol indication means that DCI is anyway involved. Based on these arguments, if DCI would anyway be used even for the implicit solution, why not use explicit indication as a unified solution?
In the implicit resource indication, if semi-static signaling is used to indicate resource partition or use CCE_offset to differentiate different CORESET, but PDSCH scheduling is dynamic, it is still hard to avoid the resource collision. Possible factors to cause collision may include PDCCH MU-MIMO, variable timing between PDSCH and PUCCH, CORESET overlap. In order to avoid possible collision, you need book sufficient PUCCH resources. Then the situation is similar for explicit indication and implicit indication, either resource waste, or collision. One possible method is using dynamic signaling to adjust resource allocation, however, it seems no big difference for both solutions from signaling prospective.
PUCCH format may be switched per TTI, if using implicit indication for format 0/1, but using explicit indication for other format, then the DCI indication would be dynamically changed. So it will cause another issue: variable DCI size for different PUCCH indication, consequently it may require additional optimization for DCI format or blind detection. Therefore, the real benefit is not clear compared to the unified solution.
· Qualcomm agreed with Nokia that if taking account of cross-slot scheduling, implicit mapping cannot completely avoid collision. But the collision rate is worse with explicit mapping too in this case.
· LGE thinks   If multiple PUCCH resource sets are configured for the PUCCH format, UE selects one of them and it can be done by implicit signaling (e.g., based on in which CORESET PDCCH is transmitted).
· Lenovo: To make it more robust, implicit and explicit approaches can all be considered, e.g. jointly using some of the UCI payload, type, the DCI resource and also explicit bits in a DCI field can secure that gNB and UE have common understanding on the exact PUCCH format.
 LTE ePDCCH actually follows similar principle and uses explicit offset in DCI. How the gNB plans the PUCCH resource set number and resource amount in a certain set is an implementation optimization efforts. It needs to take into account the UE and traffic loading. PDCCH resource and COREST planning should also be planned jointly. To avoid resource blocking and for resource efficiency, this planning is anyway needed no matter which way of indication is employed. And it is not necessary to introduce such restriction that the resource for PDCCH have 1-to-1 mapping with booked PUCCH resource. In our opinion, the gNB will always manage to keep blocking rate low and what we should do now is to provide flexible signaling framework with reasonable overhead to make gNB easier to fulfill the task. If we are going to merely rely on 2 bits explicit indication in DCI, I do not understand why it is more superior in terms of low resource blocking rate and high resource efficiency when gNB plans the PDCCH and PUCCH resource.
· Huawei: We prefer that the support of implicit PUCCH resource won’t preclude the chance to support explicit PUCCH resource indication for up to 2 bits case. It is possible we could support both and can use the appropriate one in the appropriate case. In addition, explicit PUCCH resource indication does provide more flexibility and seems less effort from standardization perspective. As described by CATT, we may need mechanisms for the resource reservation for implicit PUCCH resource determination especially considering the flexible configuration of CORESET and processing time. We could observe that the resource reservation for implicit PUCCH resource for PUCCH format 1a/1b in TDD in LTE is a little bit complicated. Therefore, considering the tight timeline, maybe we could consider supporting explicit PUCCH resource determination for all UCI bits for now and could further study implicit PUCCH resource determination later.
· DOCOMO: For EPDCCH, RAN1 already discussed PRB set specific offset for PUCCH resource set for EPDCCH [see Appendix 5.2][3][4]. I don’t see anything new from that time. So, if we really need to go with implicit indication, we need ARO so that PUCCH resource sets for different CORESETs can be overlapped. Then, one of the advantage of implicit indication you mentioned is not there. Another advantage of implicit indication you mentioned (no PUCCH collision) is achievable by having sufficient amount of PUCCH resource pool. For example, even for explicit indication, by preparing sufficient number of PUCCH resources for UEs, collision rate can be set very low (~0). So it is exactly same between explicit and implicit.
3. Conclusions
During the email discussions, companies realized some questions on use cases need to be firstly clarified. Taking the three questions suggested by Ericssion, majority’s views are below:
1. Should we allow the UE to determine the resource set it uses (which may or may not also include the PUCCH format it uses) based on the payload size?
--  Most of companies’ answer is Yes.
2. Should the gNB be able to choose between the PUCCH formats that the UE transmits on dynamically?
--  Most of companies’ answer is Yes.
3. Should the gNB be able to choose between PUCCH resources in different slots, symbols or PRBs dynamically?
--  Most of companies’ answer is Yes.
Then the alternatives output by RAN1#90bis were discussed during the email discussion. Concerns were raised from companies and the proponents provided further explanations.
· Most of companies observed that both Alt.1 and Alt.2-1 are workable and they are actually similar. They both allow UE to determine UCI payload sizes and support dynamic switching between short and long PUCCHs. The major difference is: Alt.1 mixes long and short resources in a resource set and uses the whole PUCCH resource indicator bitfield in DCI to indicate a resource in the resource set, while Alt.2-1 may spend some bits in the bitfield to indicate the resource set. Most of components of Alt.1 or Alt.2-1 are open to consider implicit mechanisms as a complementation to explicit signals to reduce collision rate. How to use implicit mechanisms needs FFS in terms of DCI overhead, PUCCH resource utilization efficiency, PUCCH collision rate, cross-slot scheduling, multiple (overlapping) CORESETs, MU-MIMO PDCCH, coexistence with LTE, CA, multiple numerologies, unlicensed spectrum operation etc.
· Alt.2-2 was mainly proposed by Nokia which uses MAC CE for resource set indication. Some concerns were raised by companies, e.g. its latency. More studies are needed for this proposal.
· Alt.2-3 was mainly proposed by Qualcomm which only uses implicit mapping for PUCCH Format 0 and 1. Some concerns were raised in the email discussion. Most of companies propose to use the implicit mechanim, if it is used, jointly with explicit signals, i.e. as a part of Alt.1 or Alt.2-1. The FFS points are similar to mentioned above.
Some other issues were also mentioned and need FFS in the next meeting, e.g.:
· Starting slot: Direct DCI indication, jointly configured with other parameters in a resource set or separately configured table?
· PUCCH resource allocation with fallback DCI
· PUCCH resource allocation for Msg.4 HARQ-ACK
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5. Appendix 
5.1. Qualcomm’s simulation results on collision rate
The simulation assumptions are
· 200 UEs in total in the system.
· [20,30,50] PUCCH resources in total
· 4 or 8 resources randomly configured to each UE
· In every slot, [5,10,15,20] UEs who have HARQ-ACK traffic are randomly picked out of 200 UEs
· Simulated 1000 slots to calculate collision event ratio.
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Regarding Fred’s comment about “total amount of PUCCH resources in the PUCCH resource pool should scale up with # of active UEs”, we think it is a reasonable suggestion and we ran simulations based on this assumption. We still see significant PUCCH collision, as shown below. When number of PUCCH resource is the same as number of active UEs send HARQ-ACK, the collision rate (the prob. that eNB see at least one PUCCH resource collision) is very high. By doubling PUCCH resources, the collision rate can be reduced but it is still high. On the other hand, with implicit mapping, the PUCCH collision rate is guaranteed zero, even without doubling PUCCH resources. 
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5.2. Agreements on LTE EPDCCH
	Agreements at RAN1#71:
Agreement:
For FDD, the PUCCH resource [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image001(10-31-09-20-40).png] is calculated as: [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image002(10-31-09-20-40).png]
Where:
-          [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image003(10-31-09-20-40).png]
-          [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image004(10-31-09-20-40).png] is the PUCCH resource offset associated with EPDCCH set with index ‘j’
When the minimum aggregation leve1 of EPDCCHs in the EPDCCH set is 1 ECCE, [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image005(10-31-09-20-40).png]is determined for localized and distributed EPDCCH, respectively, as: [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image006(10-31-09-20-40).png],
where:
-          [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image007(10-31-09-20-40).png]is the index of the first ECCE of an EPDCCH transmission in the EPDCCH set with index j;
-          [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image008(10-31-09-20-40).png]is the number of ECCEs per PRB
-          [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image021(10-31-09-20-40).png] is determined from DMRS port used to demodulate EPDCCH; 
-          [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image022(10-31-09-20-40).png]if N=4; [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image023(10-31-09-20-40).png]if N=2
FFS until Friday whether when the minimum aggregation leve1 of EPDCCHs in the EPDCCH set is 2 ECCEs, [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image007(10-31-09-20-40).png]is replaced by [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image024(10-31-09-20-40).png]
 
Agreements:
-          Explicit 2-bit Ack/Nack resource offset (ARO) indication is always present for all the DL DCI formats that are carried by EPDCCH (subject to the FFS below)
-          For EPDCCH transmitted on SCell, the resource allocation mechanisms are the same as Rel-10
o   Rel-10 ARI is used
o   FFS until Friday whether the ARO field is set to all zeros or is not present
-          The ARO field is not included in DCI formats 0 or 4
-          Regardless if Rel-11 UE specific value of [image: C:\Users\Administrator\AppData\Roaming\Foxmail7\Temp-5884-20171029201714\image025(10-31-09-20-40).png] for CoMP operation is configured or not, Eq 1. is used for DL grants received on EPDCCH
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