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1. Introduction
In this contribution, we investigate the remaining issues for dynamic PUCCH repetition factor indication and for DMRS bundling across PUCCH repetitions. For dynamic PUCCH repetition, we discuss whether dynamic PUCCH repetition factor indication applies to HARQ-ACK for SPS only operation. For DMRS bundling, we address the tradeoffs of configuration per BWP vs. per PUCCH resource format and vs. per PUCCH resource. We also discuss the RRC parameters needed for these two features. Lastly, we provide simulation results on the gains of DMRS bundling in various configurations as well as performance of frequency hopping mechanisms designed for DMRS bundling when they are used with PUCCH. 
2. Discussion
2.1 Remaining issues for dynamic PUCCH repetition
In RAN1#106bis-e, the remaining details of when dynamic PUCCH applies were discussed.  Since SPS is scheduled using both DCI and configured resources, it should be clear when HARQ-ACK can use dynamic repetition provided by PRI in DCI and when configured resources are used, precluding dynamic repetition.  To that end, the moderator proposed the following:
Updated FL proposed conclusion 0: In NR Rel-17, the dynamic PUCCH repetition factor indication mechanism agreed in RAN1 106e does not apply to HARQ-ACK for SPS PDSCH except for the following two cases
· HARQ-ACK for the first SPS PDSCH associated with the activation DCI. 
· HARQ-ACK corresponding to the SPS release DCI 
Note: HARQ-ACK for the first SPS PDSCH associated with the activation DCI and HARQ-ACK corresponding to the SPS release DCI are categorized as PUCCH with associated scheduling DCI
The proposal was not agreeable at the time, as there was not common understanding on when DCI provides the HARQ-ACK resources.  The crux of the argumentation seems to be if the activation or release DCIs schedule SPS PDSCHs.  
The main argument that the SPS activation PDSCH uses the resources from PRI was based on the following from 38.213:
If a UE is not provided SPS-PUCCH-AN-List and transmits HARQ-ACK information corresponding only to a PDSCH reception without a corresponding PDCCH, a PUCCH resource for corresponding PUCCH transmission with HARQ-ACK information is provided by n1PUCCH-AN.
Since an activation or release DCI is not a scheduling DCI for PDSCH, the PUCCH resource for carrying the HARQ-ACK for the SPS PDSCHs only comes from the configured PUCCH resources in n1PUCCH-AN or SPS-PUCCH-AN-List .  
This is consistent with the argument during the email discussion that was based on the text below from 38.213: 
If the UE is provided SPS-PUCCH-AN-List and transmits 𝑂UCI UCI information bits that include only HARQ-ACK information bits in response to one or more SPS PDSCH receptions and SR, if any, the UE determines a PUCCH resource to be [a configured PUCCH resource].
In this case, all SPS PDSCH receptions use the configured PUCCH resource for carrying the corresponding HARQ-ACK bits, again because there is no scheduling PDCCH.
Another way to look at it is that SPS should not be designed to require the use of PUCCH resources needed in dynamic grant operation.  Requiring the use of PRI only once at the time of activation seems to be inconsistent with the vast majority of times that the configured resources are used.
This also applies to SPS release: the DCI does not schedule a PDSCH for SPS release, so HARQ-ACK for SPS release only is carried by the configured PUCCH resources rather than the one in a PUCCH resource set being indicated by PRI.
Note that because the activation DCI does not schedule a PDSCH, there is no HARQ-ACK for activation DCI (while on the other hand, it is specifically required for SPS release (by 38.213 section 10.2).
Observation 1:
· While 38.213 clearly states configured PUCCH resources from n1PUCCH-AN are only used for HARQ-ACK corresponding to PDSCH without DCI, an SPS activation DCI does not schedule a PDSCH. Moreover, in 38.213 there is no description that upon validation of activation DCI, the UE sends HARQ-ACK feedback
· There is no PUCCH resource for HARQ-ACK needed for activation DCI.
· The PUCCH resource for HARQ-ACK corresponding to SPS release only comes from the configured resources.
Proposal 1:
· Revise the moderator’s updated proposed conclusion 0 from RAN1#106bis to the following:
· In NR Rel-17, the dynamic PUCCH repetition factor indication mechanism agreed in RAN1 106e does not apply to HARQ-ACK for SPS only operation
2.2 Remaining issues for DMRS bundling 
During RAN1#106 and RAN1#106bis email discussions, it was discussed whether PUCCH DMRS bundling should be configured on a per UE basis vs. a finer granularity, such as per BWP, per PUCCH resource format, or per PUCCH resource. A per UE basis is at first appealing, since if UE can maintain phase continuity and power consistency for one PUCCH resource or format, it should be able to do so for any PUCCH resource or format. However, RF capability can vary according to e.g. the carrier frequency, and so a UE configured for more than one carrier may not be able to support DMRS bundling on all carriers. Therefore, at least configuring per BWP should be supported.  
As was pointed out in the email discussions, Rel-17 UL multi-TRP supports diversity across repetitions, and we think that it may make sense to configure it differently for e.g. short and long PUCCH formats, possibly to support URLLC and non-URLLC applications.  Also, since repetition can be configured per PUCCH resource, it may be reasonable then to configure bundling per resource.  On the other hand, the performance gains of configuring per PUCCH resource are not so obvious, since unlike repetition, there is no change in overhead when bundling is used or not used.  Furthermore, DMRS bundling is only semi-statically constrolled according to current agreements. The simplest solution then seems to be to configure DMRS bundling per PUCCH format.
Observations 2 & 3:
· Configuring DMRS bundling per PUCCH format 
· Allows for different RF capability per carrier
· Enables joint channel estimation gains to be traded off vs. gains from UL M-TRP diversity for short vs. long PUCCH formats
· Bundling per PUCCH resource does not have the same gains as for dynamic PUCCH repetition, since bundling does not affect overhead.
Proposal 2:
· PUCCH DMRS bundling is configured per PUCCH format

For inter-slot frequency hopping, the order in which frequency hopping, configured TDWs, and actual TDWS are determined was discussed during RAN1#106bis.  The following options were agreed for further discussion in RAN1#107:

Agreement: 
For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering. One option of the following options is to be selected.   
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”
· Option 4: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”
Note: option 1, and 2, and 3 assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval is the same as an actual TDW. 

As companies commented during the email discussion, frequency hopping should be at the cell level; this is needed to maintain resource allocation efficiency.  Not all UEs in cell may have configurations suitable for, or support, DMRS bundling.  There are diversity vs. channel estimation tradeoffs as well, as can be seen in section 2.5 below, and also in the results in [1], where we show cases where JCE gains are less than the gains from frequency hopping.  Therefore a frequency hopping pattern should be independently configured from JCE, so that UEs using JCE+FH can still be in a cell with UEs that aren’t using JCE.

The different options seem to point to different considerations on if frequency hopping is dynamically or not, and if the hopping pattern follows the PUSCH allocation and/or available slots, and whether hopping can be considered an ‘event’.
· Option 1) seems to presume that the hopping pattern is slot based and common across the cell, since it is applied prior to the configured TDW.  Since the configured TDW is determined after the hopping pattern, hopping may be considered a semi-static event in the TDW framework.
· Option 2) seems to assume that the hopping pattern follows the available slots and/or the PUSCH transmission, since it must start and end with the PUSCH (whose length matches the configured TDWs), and then the hopping pattern is used to set the actual windows.  So here the hopping seems to be a dynamic event in the TDW framework, and the presence of hopping itself could be dynamic.
· Option 4) jointly sets the hopping pattern and TDWs, and the same PRBs are occupied throughout an actual TDW.  In this case, if an event other than hopping creates an actual TDW, the hopping should adjust to the actual TDW.  This would seem to make cell specific hopping difficult.  Frequency hopping does not seem to be an event, and support for TDD patterns with varying numbers of UL slots is not so obvious.

Observation 3-5:
· Option 1) seems most aligned with Rel-15/16 principles for hopping, as it compatible with slot based hop determination (rather than available or scheduled PUSCH slots), and can be cell common.  
· It can also be independent of JCE since it is not derived from the configured or actual TDWs.  
· Hopping patterns can be straightforwardly configured to match TDD patterns, as discussed in [1].

In order to enable Option 1), we propose:
Proposal 3:
· Enhanced frequency hopping designs for PUCCH supporting joint channel estimation include the following:
· The hopping offsets are determined by the slot index
· Frequency hopping is an event that sets the actual TDW size
· UEs can be configured with the hopping pattern

2.3 RRC parameters for PUCCH Enhancement
In initial discussions following RAN1#106, three RRC parameters were identified: one identifying the repetition values to be used per PUCCH resource, and two that could possibly be used to configure the time domain window used for PUCCH DMRS bundling. In this section, we consider some open issues for these parameters.
For dynamic PUCCH repetition, the parameter PUCCH-nrofSlots-r17 (or a similarly named parameter) will be configured per PUCCH resource, as shown by the description of the parameter. Consequently, in RAN1#106bis, it was agreed that the parent IE suggested to RAN2 by RAN1 can be ‘PUCCH-Resource’.
Agreement
For dynamic PUCCH repetition factor indication, the parent IE for RRC parameter ‘PUCCH-nrofSlots-r17’ is “PUCCH-Resource”.

Regarding the value range, a repetition factor of 1 should be supported, since that is the most basic number to have. Our understanding of the agreement below is that does allow a dynamic value of 1, but is stated to more clearly show that it allows backward compatibility by using Rel-15/16 parameters if the new repetition factor is not configured for the PUCCH resource. 
Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 

While the behavior of this from a RAN1 perspective is fine, it strays into RAN2 territory. Whether a parameter value is directly configured or default values are used in ASN.1 when a parameter is conditionally present should be RAN2’s decision ultimately. That RAN1’s intention is to allow a dynamic value of 1 to be selected may not be immediately clear to RAN2, and so it may be beneficial to add a note, such as “Note: a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according when the Rel-15/16 parameter nrofSlots is not configured”. Then if RAN2 instead decides it is better to be able to configure a value of 1 than to not configure PUCCH-nrofSlots-r17 for a resource to allow dynamic indication of a repetition factor of 1, they can do so.  
[bookmark: _Ref83928305]Table 1: RRC Parameters for Dynamic PUCCH Repetition
	[bookmark: _Hlk83747148]Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	Description
	Value range

	PUCCH enhancements
	PUCCH-Resource
	PUCCH-nrofSlots-r17
	A new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication. The new repetition parameter is configured per PUCCH resource and should be in PUCCH-Resource.
aia
Note: a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according when the Rel-15/16 parameter nrofSlots is not configured
	ENUMERATED {2, 4, 8}



Observation 6:
· It may not be clear to RAN2 that RAN1’s intent is to allow a repetition factor of 1 to be dynamically indicated given that the value range of PUCCH-nrofSlots-r17 is {2, 4, 8}.

Proposal 4:
· Update RRC parameters for PUCCH dynamic repetition according to Table 1
· Add a note, such as the following, to indicate RAN1’s intent to support a dynamically indicated PUCCH repetition factor of 1
· “Note: a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according when the Rel-15/16 parameter nrofSlots is not configured”
The current draft of UE features has different parameters to control bundling for PUCCH and for PUSCH.  In our view this does not conflict with the agreement to strive to have a common design for PUSCH and PUCCH.  PUSCH and PUCCH may be configured differently and have different gains, and so setting bundling parameters differently for PUCCH and PUSCH seems reasonable.  On the other hand, it is highly desirable to have a simple UE capability definition, and since the maximum capabilities for PUSCH and PUCCH are quite likely similar, joint PUSCH/PUCCH capabilities for maximum duration, bundling window restart, etc. should be defined.  The different PUSCH/PUCCH configurations will then fall within these maximum capabilities.
Observation 7:
· While a common design for PUSCH/PUCCH drives UE features to jointly defined for PUSCH & PUCCH, independent PUSCH and PUCCH bundling RRC parameters should be defined to support different needs in PUSCH & PUCCH operation. 
In the joint channel estimation RRC parameter discussion, it was agreed to have two RRC parameters to control DMRS bundling: one that indicates bundling enabling/disabling and another that sets the configured time domain window length.
Agreement
   Introduce two RRC parameters to indicate enabling of DM-RS bundling and the window length of the configured TDW respectively. 
Since there are two different parameters, our understanding is that they are independently set.  This is beneficial since it may only be necessary to configure a time domain window length L explicitly if the UEs maximum duration is short. Therefore, we do not think PUCCH-TimeDomainWindowLength needs to be always signaled when joint channel estimation is used.  According to the LS from RAN4 [2], the maximum length may be band dependent, and RAN4 is discussing if it may be dependent on additional factors. Therefore, it seems likely (although not guaranteed) that the UE will be able to be configured with more than one time domain window length, and for progress it is most straightforward to define a window length assuming more than one value is possible. We then see the need to have both PUCCH-DMRS-Bundling and PUCCH-TimeDomainWindowLength, and the square brackets around PUCCH-DMRS-Bundling should be removed.
According to the guidance from RAN2 LS on UE capabilities in [3], we should avoid defining functionality that has no RRC configuration but is dependent on capability bits. In RAN1#106, it was agreed that being able to restart PUSCH DM-RS bundling with a new actual TDW is a UE capability. Given that this should also be done for PUCCH, a new RRC parameter should be defined for when UE restarts a PUCCH bundling window.  Given the differences in PUCCH and PUSCH behavior and configuration, we think it should be defined in addition to the PUSCH window restart parameter agreed in RAN1#106bis, as shown below.
Agreement
   Introduce a new RRC parameter for when UE restarts a PUSCH bundling window

[bookmark: _Ref83928194]Table 2: RRC Parameters for PUCCH DMRS Bundling
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	Description
	Value range

	DM-RS bundling for PUCCH
	 
	[PUCCH-DMRS-Bundling]
	Enabling/disabling of DM-RS bundling and time domain window for PUCCH.
	ENUMERATED {enabled, disable }

	DM-RS bundling for PUCCH
	[PUCCH-Config]
	PUCCH-TimeDomainWindowLength
	[Enabling/disabling of DM-RS bundling and time domain window for PUCCH.]
Length of a configured time domain window in slots for DMRS bundling for PUCCH.
	FFS

	DM-RS bundling for PUCCH
	[PUCCH-Config]
	PUCCH-Window-Restart
	UE bundles PUCCH DM-RS slots remaining in a bundling window after a slot for which events violate power consistency and phase continuity requirements
	ENUMERATED {enabled, disable }



Observations 8-10:
· PUSCH joint channel estimation is enabled by one parameter, and the TDW length L is configured by another.
· It seems likely that there will be more than one value specified for the maximum duration supported by the UE
· According to RAN2 guidance on UE capability [3], the UE capability for DMRS bundling restarting should be supported by an RRC parameter

Proposal 5:
· Update RRC parameters for PUCCH DMRS bundling according to Table 2
· Remove the square brackets around PUCCH-DMRS-Bundling, allowing PUCCH DMRS bundling operation to be configured optionally with PUCCH-TimeDomainWindowLength. 
· Create an RRC parameter to enable/disable PUCCH DMRS bundling restarts.

2.4 [bookmark: _Ref71571410]PUCCH Performance of DMRS bundling 
In this section, we study the ability to correct for imperfect phase continuity between PUCCH repetitions as well as compare the performance gains of frequency hopping and joint channel estimation. Figure 1 compares BLER results for using cross-slot channel estimation with and without a phase rotation between slots (due to the UE’s inability to maintain phase continuity) and compensation for this phase rotation between slots, without frequency hopping to single-slot channel estimation with and without frequency hopping for 4 or no repetitions. 

Given current discussions, it seems unlikely that four slots with phase continuity will be feasible for typical TDD scenarios, presuming that phase continuity cannot be maintained across downlink slots. However, the sensitivity to impairments is easier to observe with larger numbers of repetitions, and such results can be seen as an upper bound on the sensitivity for TDD or as relevant to UL heavy TDD patterns, if they become of interest in the future. Therefore, the results here with JCE over 4 and 8 repetitions for FDD at 4 GHz can be used as a starting point for the range of values to be used in further studies on sensitivity. 

The setup is for PUCCH format 3 with frequency hopping, sending an 11-bit payload over TDL-C 30ns channel with 1 TX and 4 Rx antennas. More setup parameters can be found in Table 1. The phase rotation between slots is statistically independent and uniformly distributed. The phase compensation between slots is done by comparing the phase between single slot DMRS channel estimates and then adjusting the phase for each slot. The results show around 2 dB gain with cross-slot compared to single slot channel estimation without phase error and phase compensation. With phase error and compensation, the gain over single slot estimation is around 0.4 dB. Comparing the results with and without frequency hopping at 10%, the results without frequency hopping are 0.5-2.5dB better depending on which curve to compare with. At 1% using frequency hopping is 0.5dB better than using single slot, 0.2dB better than using cross slot with completely random phase between slot and 1.5 dB worse than cross-slot with no phase rotation between slots. By having restrictions on the phase rotation between slots, for example where UE capability imperfectly maintains phase continuity, it should be possible to improve the case with phase rotation and phase compensation, performing closer to the case without phase rotation.
 
Observation 11:
· At least in some cases, with low speed and phase continuity between slots, cross-slot channel estimation can increasingly improve PUCCH performance with the number of repetitions, for example with roughly 2dB with 4 repetitions compared to single slot channel estimation. 
· Gains from cross slot estimation without frequency hopping may be greater than for frequency hopping without cross slot estimation.

 [image: ] 
[bookmark: _Ref61594426]Figure 1. PUCCH BLER for single-slot versus cross-slot channel estimation for no or 4 repetitions, with frequency hopping on and off.
2.5 [bookmark: _Ref87038393]PUCCH Performance of Inter-slot Hopping
In this section, we study different inter-slot frequency hopping for PUCCH repetitions with or without doing cross-slot channel estimation. Figures 3 and 4 compare the BLER for single-slot and cross-slot channel estimation with varying frequency hopping slot patterns for 8 repetitions. The setup is the same as in the previous section except that here for cross slot estimation there is a 0.1 ppm carrier frequency offset that is added and compensated for. Cross slot estimation is only done in back to back slot with the same hop/PRBs. More setup parameters can be found in Table 1. 

In Figure 2, TDD is considered with TDD pattern DDDDUDDDUU, no hopping and 4 different hopping patterns (2 hop positions according to Rel-15, and 2 or 3 positions allowing bundling over back to back slots, and 4 positions not allowing bundling). The results show that there are performance gains of about 0.6 and 1.3 dB, respectively by using 2 and 3 hopping positions over no hopping at 10% BLER, while these are 1.3 and 2.4 dB, respectively for 1% BLER.  Then comparing the gains from increased hopping, with cross slot estimation, the gain of 3 over 2 positions was {0.6,1.0} dB at {10%,1%} BLER. Four hopping positions seems to have essentially the same performance as 3 hopping positions, at least when joint channel estimation is not used. Furthermore, it can be seen that joint channel estimation brings about 0.25 dB gain over where joint channel estimation is not used, independent of the frequency hopping pattern used and the BLER operating point.  

In Figure 3, FDD is considered for no hopping and 3 different hopping patterns (2 hopping positions with 2 or 4 slots per hop over which cross slot channel estimation can be performed, and 4 positions with cross slot over 2 slots in each hop). Results are provided with and without cross slot channel estimation.  In this setup, there are performance gains of about 0.9, 1.1, and 1.5 dB, respectively by using 2 positions with 2 slots/hop, 2 positions with 4 slots/hop, and 4 positions with 2 slots/hop over no hopping at 10% BLER, while these are 1.6, 1.9, and 2.9 dB, respectively for 1% BLER We observe that for the frequency hopping cases, 2 and 4 slots per hop provides about 0.4-0.5 and 0.8 dB gain at 10% BLER, respectively, while on the other hand frequency hopping without cross slot estimation provides about 0.9 and 1.5 dB gain from 2 and 4 hopping positions, respectively. Then comparing the gains from increased hopping, with cross slot estimation, gains of 4 hopping position and 2 slots/hop over 2 positions with 2 or 4 slots/hop was {0.4,1.3} and {0.6,1.0} dB at {10%,1%} BLER, respectively. Therefore, at least in the scenarios studied here, while cross slot estimation improves performance, it provides less gain than increasing frequency hopping.

Observations 12-13:
· Cross slot channel estimation provides gain for a variety of frequency hopping patterns.
· For FDD, gains were roughly 0.5 or 0.6-0.8 dB independent of BLER 
· For TDD, gains were roughly 0.25 dB independent of BLER
· Increasing frequency hopping positions can provide more gain than cross slot channel estimation.  In the scenarios studied,
· for FDD, gains of 4 hopping position and 2 slots/hop over 2 positions with 2 or 4 slots/hop was {0.4,1.3} and {0.6,1.0} dB at {10%,1%} BLER, respectively
· for TDD with cross slot estimation, the gain of 3 over 2 positions was {0.6,1.0} dB at {10%,1%} BLER

Proposal 6:
· Enhanced frequency hopping designs for PUCCH supporting joint channel estimation support increased numbers (e.g. up to 4) of hopping offsets, where the number of consecutive slots per hop can be controlled.


    [image: ]
[bookmark: _Ref87020397]Figure 2. PUCCH BLER with and without cross-slot channel estimation and different inter-slot frequency hopping patterns for TDD.
 [image: ]
[bookmark: _Ref87020462]Figure 3. PUCCH BLER with and without cross-slot channel estimation and different inter-slot frequency hopping patterns for FDD.
3. Summary
In this contribution, we investigated remaining issues for dynamic PUCCH repetition factor indication and for DMRS bundling across PUCCH repetitions. For dynamic PUCCH repetition, we discussed whether dynamic PUCCH repetition factor indication applies to HARQ-ACK for SPS only operation. For DMRS bundling, we addressed the tradeoffs of configuration per BWP vs. per PUCCH resource format and vs. per PUCCH resource. We also considered the RRC parameters needed for these two features. Lastly, we provided simulation results on the gains of DMRS bundling in various configurations as well as the performance of frequency hopping mechanisms designed for DMRS bundling when they are used with PUCCH.
Based on the discussion and observations, our proposals can be summarized as:
Proposals:
1. Revise the moderator’s updated proposed conclusion 0 from RAN1#106bis to the following:
· In NR Rel-17, the dynamic PUCCH repetition factor indication mechanism agreed in RAN1 106e does not apply to HARQ-ACK for SPS only operation
2. PUCCH DMRS bundling is configured per PUCCH format
3. Enhanced frequency hopping designs for PUCCH supporting joint channel estimation include the following:
· The hopping offsets are determined by the slot index
· Frequency hopping is an event that sets the actual TDW size
· UEs can be configured with the hopping pattern
· Support increased numbers (e.g. up to 4) of hopping offsets, where the number of consecutive slots per hop can be controlled.
4. Update RRC parameters for PUCCH dynamic repetition according to Table 1
· Add a note, such as the following, to indicate RAN1’s intent to support a dynamically indicated PUCCH repetition factor of 1
· “Note: a PUCCH resource not configured with PUCCH-nrofSlots-r17 can attain the value of 1 according when the Rel-15/16 parameter nrofSlots is not configured”
5. Update RRC parameters for PUCCH DMRS bundling according to Table 2
· Remove the square brackets around PUCCH-DMRS-Bundling, allowing PUCCH DMRS bundling operation to be configured optionally with PUCCH-TimeDomainWindowLength. 
· Create an RRC parameter to enable/disable PUCCH DMRS bundling restarts.
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5. [bookmark: _Ref47688562][bookmark: _Ref47620963]Appendix 1
Table 1: Basic setup of LLS for CSI repetition on PUCCH
	System
	Carrier frequency 4GHz
30 kHz SCS
FDD
2*100 MHz BWP (2*273 PRBs)

	UE speed
	3kph

	Payload
	11 bits on 1 PRB, 14 Symbols

	Channel
	TDL-C (NLoS), 30ns delay spread, medium correlation

	Antennas
	1T4R

	Frequency hopping
	Enabled & Disabled

	Impairments
	With and without independent uniform (Figure 1) and Gaussian (Figure 2) phase rotation between slots; non-ideal channel estimation used

	DMRS
	4 DMRS symbols (Additional DMRS)
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