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[bookmark: _Ref513464071]Introduction
In RAN1#104e, the following agreements were made [1].
	Agreements:
· Following potential use cases are considered for joint channel estimation for PUSCH:
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.

Agreements:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)

Agreements:
· For joint channel estimation, define a time domain window is introduced to facilitate further discussion, during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS: whether the window should be specified
· FFS: the length of the time domain window is defined by a set of repetitions/slots/symbols
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: the time domain window may or may not be configured or specified.
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS: Whether the window is determined by the power consistency and phase continuity requirements and/or by other factors is to be decided.

Agreements:
· Companies are encouraged to study optimization of DMRS granularity in time domain with joint channel estimation, including:
· Use cases
· Simulations results
· Enhanced schemes, e.g.,
· Different DMRS density for different PUSCH transmissions
· No DMRS for some PUSCH transmissions
· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.
· Companies are encouraged to study optimization of DMRS location in time domain with joint channel estimation, including:
· Use cases
· Simulations results
· Enhanced schemes, e.g.,
· DMRS equally spaced among PUSCH transmissions
· DMRS located in special slots
· Orphan symbol used for DMRS
· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.
· Note: the simulation assumptions for DM-RS in TR 38.830 are used as baseline for performance evaluation on optimization of DMRS location/granularity in time domain.
· Take into account impairments such as frequency offset, and report corresponding parametrization together with the results. Further discuss impairment details.

Working assumption:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for TB processing one TB processed over multiple slots
· It’s subject to UE capability

Agreements:
· For joint channel estimation.
· Take into account the residual frequency error, e.g., +/- 0.1 ppm as upper bound. 
· Companies can report other values and frequency error model.



In this contribution, we several design aspects related to DMRS bundling for PUSCH to enable joint channel estimation.
DMRS bundling for PUSCH
Background
Joint channel estimation at gNB can be enabled by combining channel estimates from DM-RS in multiple PUSCH(s). DM-RS bundling is a technique to allow channel estimation using multiple DM-RS symbols across different slots or repetitions. To obtain improved performance from joint channel estimation, phase and power continuity should be maintained by the UE between PUSCHs that contain DMRS to be bundled. In slow-fading fading channels, using DM-RS symbols across slots or repetitions for channel estimation will be beneficial, thanks to averaged channel estimates.
Observation 1: Maintenance of phase and power continuity across bundled PUSCH(s) is critical to enable DMRS bundling 
Time window for DM-RS bundling
Need for a window for DM-RS bundling
Power/phase continuity can be maintained if DMRS are close to each other. As indicated in TS 38.101 [2], 20ms gap is a feasible gap between PUSCH(s) to maintain power level under the relative power tolerance.
To enable DM-RS bundling, the UE needs to know the start time and duration during which the UE is expected to maintain phase/power continuity maintenance across PUSCH transmissions over which DM-RS symbols are bundled. The UE may not be able maintain phase/power continuity for unlimited amount of time (due to power consumption/UE capability/latency requirements), or it is not necessary to maintain power/phase continuity for all uplink transmission. 
In addition, in case multiple PUSCHs are scheduled, even with an indication from the gNB to bundle DM-RS symbols in the PUSCH(s), the UE will not be able to determine which DM-RS symbols in PUSCH(s) to include in the bundle. For brevity, the aforementioned window is referred to as “DM-RS bundling window.”
Observation 2: The UE may have a limitation of how long the UE can maintain power/phase continuity
Observation 3: The UE needs a specific interval to bundle DM-RS symbols in PUSCH
Proposal 1: Define a time window during which the UE is expected to maintain power or phase continuity
Parameters for a DM-RS bundling window
The duration of the window in the time domain can be represented by the number repetitions, slots or symbols. The window can contain slots which contains PUSCH transmissions or repetitions. The length of the window expressed in terms of symbols can provide finer granularity than slots. Whether the length is specified by symbols or slots may depend on the type of transmissions. To accommodate various transmission types, the following proposal is made. Defining the length of the DM-RS bundling window with repetitions is suitable for slot-based repetitions.
Observation 4: Expressing the length of the bundling window in terms of symbols or slots provide granularities for DM-RS bundling
Observation 5: Expressing the length of the bundling window in terms of the number of repetitions provide alignment with PUSCH transmission
Proposal 2: Support at least the number of repetitions to indicate the length of the DM-RS bundling window

Indication of DM-RS bundling
Thus, the gNB needs to signal information related to the DM-RS bundling window, specifically when the UE should start phase/power continuity maintenance and how long the UE should continue the maintenance. A straightforward configuration mechanism is semi-static approach via configured/dynamic grant configuration indicating the number of repetitions per bundle.
Proposal 3: Support a higher layer signaling (RRC) to enable DMRS bundling
Proposal 4 : Time window configuration is associated to repetition configurations in configured grant 
For semi-persistent scheduling, DM-RS bundling can be configured. MAC-CE may be used to indicate the periodicity of DM-RS bundling. 

Grant type dependent signalling : bundling group index
One approach to increase efficiency to organize DMRS bundling via booking keeping index, namely a bundling group index. The UE determines to bundle DMRS in PUSCH in configured/dynamic grants if the grant is associated with the same bundling group index. The index can be indicated explicitly or implicitly. For example, the UE can receive configuration RRC or signaling in MAC-CE that associates the index with a configured grant.  The UE may bundle DMRS(s) on configured grants that are associated with the same bundling group index.
Alternatively, the UE may receive semi-static configuration for indexing which can be applied to both configured and dynamic grants. For example, a periodic DM-RS bundling window can be defined where the UE is expected to bundle DMRS in the PUSCH repetitions that are within the window. Alternatively, a set of frequency bins can be defined where the UE is expected bundle DMRS in PUSCH that is scheduled in the resource. The aforementioned indication mechanisms can be used to support DMRS bundling for PUSCH with different types of grants, i.e., dynamic and configured grants.
[bookmark: _Hlk61532729]Observation 6: Considering different grant types for PUSCH(s), an indication mechanism that is adjustable for grant type offers flexibility and robustness
Proposal 5: Support a grant-type dependent index which indicates PUSCH(s) to bundle
Proposal 6: Support multiple DM-RS bundling windows
Necessity of PTRS for DM-RS bundling
In the presence of CFO, the DMRS alone may not be enough for phase correction. As indicated in the simulation results in this contribution, the presence of CFO causes performance degradation. In addition, PT-RS may be needed to correct disruption in phase continuity after switching from DL to UL slot or during transmissions of repetitions that may cross the slot boundary. Thus, the UE may need to send PTRS along within the DM-RS bundle so that the gNB can perform phase correction. 
Observation 7: In the presence of CFO, PT-RS insertion may assist the gNB for the phase continuity maintenance within an acceptable range so the DM-RS coherence is maintained.
PTRS is specified in Rel. 15 to correct phase offset at the receiver. Similarly, DM-RS bundling can be implemented along with PTRS to assist the gNB phase continuity maintenance. As discussed in our contribution [3], PT-RS placed with DM-RS in the same DM-RS bundle provides additional assistance for the gNB to track time varying phase change using PT-RS as phase reference in the first place, and subsequentially for phase correction between repetitions
Proposal 7: When DM-RS bundling is enabled, PTRS should be enabled as well, at least for FR2.
Evaluation results : DM-RS in special slot
In RAN1#104e, the agreements were made which encouraged a study of effects of various DM-RS symbol placements in a special slot.
The following simulation demonstrates performance benefits of insertion of DM-RS symbols in a special slot. In Figure 1, BLER performances of various DM-RS placement in uplink and special slot are shown. The simulation parameters assumed in evaluation are shown in Table 1. In the evaluation, uniformly distributed CFO with 0.1ppm as upper bound is included. In the figure, DMRS placement is a special slot and uplink slot is denoted by {XS, Y, Z} where X, Y and Z indicate the symbol number in the special slot and uplink slot, respectively. Examples of placement and notation is illustrated in Figure 2 and Figure 3 for DM-RS placement {13S, 4, 10} and {13S, 7}, respectively. 
From Figure 1, it is clear that additional DM-RS symbols placed in a special slot bring performance benefits. Comparing the default DM-RS allocation of {0,10} and {13S,0,10}, nearly 0.5dB BLER gain can be obtained with {13S,0,10}. Comparing {12S,13S,0,10} and {13S,0,10}, BLER performance gain is not clear. Finally, comparing {0,10} and {13S,4,10}, nearly 0.8dB gain can be obtained with optimized placement of DM-RS.
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[bookmark: _Ref68216141]Figure 1 Performance of DM-RS bundling with DM-RS symbols in a special slot, UE speed 120km/hr, with uniformly distributed CFO with 0.1ppm as upper bound
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[bookmark: _Ref68216486]Figure 2 An example of placement of DM-RS symbols indicated by {13S, 4, 10}
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[bookmark: _Ref68216638]Figure 3 An example of placement of DM-RS symbols indicated by {13S, 7}
Observation 8: DM-RS in special slot brings performance benefits
Observation 9: DM-RS placement in a slot according to the DM-RS in the special slot brings additional benefits
Proposal 8: Support DM-RS placement in a special slot in DM-RS bundling when a special slot and uplink slot are placed continuously
Evaluation results : DM-RS bundling for TBoMS
In RAN1#104b, the following working assumption was made.
	Working assumption:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for TB processing one TB processed over multiple slots
· It’s subject to UE capability



Joint channel estimation is possible for TBoMS transmission if the TB is mapped over contiguous slots. When the TB is scheduled over the multiple contiguous slots and multi-slot transmission is enabled, the UE can be configured to maintain power/phase continuity between slots to enable joint channel estimation at the gNB which will bring further benefits in addition to inherent transmission side benefits in TBoMS.
In this contribution, link level evaluation is performed to demonstrate performance improvement of DM-RS bundling. In Figure 4, BLER evaluation results for DM-RS bundled CHEST (i.e., joint channel estimation) and slot-by-slot CHEST are shown. Simulation parameters are summarized in Table 1 in Appendix. A frame format of DDDUU is assumed in the evaluation.
From the figure it is clear that performance gain can be obtained by performing DM-RS bundling for TBoMS. In the figure, BLER evaluation results in the presence of uniformly distributed CFO with 0.1 ppm as upper bound are also shown. The performance gain for performing DM-RS bundling is approximately 0.2-0.3dB, in the presence of CFO. Slight performance degradation in TBoMS in the presence of CFO can be observed by comparing BLER curves in the figure. 
Observation 10: Joint channel estimation for TBoMS will provide additional performance gain from the receiver side
Proposal 9: Confirm the working assumption  from RAN1#104b and support joint channel estimation for the TBoMS transmission for back-to-back PUSCH transmission
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[bookmark: _Ref68167831]Figure 4 slot-by-slot CHEST vs. DMRS-bundling CHEST for TBoMS for DDDUU, with or without CFO, 120km/hr
DM-RS bundling in the presence of “available slots”
In dynamic TDD, a time symbol can be downlink, uplink or flexible according to a slot format. In RAN1#104e, treatment of “available slots” was discussed for Type A repetition. The slot format can be changed dynamically using SFI (Slot Format Indicator). Thus, dynamically changing slot formats may cause interruption in repetitions scheduled via configured grant and DM-RS bundling associated with the repetition. A simple approach is to disable the DM-RS bundling if repetitions are scheduled over flexible slots/symbols and the flexible slots/symbols are converted to downlink symbols due to SFI. 
Proposal 10: Disable DM-RS bundling if flexible symbols or slots included in the time window turn to downlink symbols/slots due to SFI.
Draft response to RAN4 LS Reply
Regarding the LS reply from RAN4 [4], the following question was raised by RAN4 for RAN1.
	Question from RAN4 to RAN1: For analysis for the amount of tolerable phase change between repetitions, RAN4 respectably asks RAN1 if RAN1 has specific scenario what RAN4 should focus in their study? (e.g contiguous/non-contiguous transmission, within one time slot or multiple time slots, TDD band or FDD band etc)



In RAN1#104e meeting, the following scenarios were agreed to be studied for DM-RS bundling. Both back-to-back (BtB) and non-back-to-back (nBtB) transmissions were considered.
	· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.



Considering nBtB scenario, 2 sub-scenarios can be envisioned
· nBtB transmission in TDD where there are downlink slots/symbols in-between PUSCH/PUCCH transmissions
· nBtB transmission where there are X symbols in-between PUSCH/PUCCH transmissions

From the reply, TDD, preventing downlink reception between PUSCH/PUCCH repetitions may limit the system performance. The number of symbols can be allowed in between PUSCH/PUCCH repetitions still needs further discussion.
	· For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, RAN4 concluded that at least following additional condition also need to be met in addition to the conditions under Q1: 
· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case
· In scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity  



Proposal 11: RAN4 evaluation should include at least Use case 1 (BtB transmission for consecutive slots) and Use case 3 (BtB transmission for consecutive symbols within a slot) 

Conclusion.
In this contribution, the following observations and proposals are made.
Observation 1: Maintenance of phase and power continuity across bundled PUSCH(s) is critical to enable DMRS bundling 
Observation 2: The UE may have a limitation of how long the UE can maintain power/phase continuity
Observation 3: The UE needs a specific interval to bundle DM-RS symbols in PUSCH
Observation 4: Expressing the length of the bundling window in terms of symbols or slots provide granularities for DM-RS bundling
Observation 5: Expressing the length of the bundling window in terms of the number of repetitions provide alignment with PUSCH transmission
Observation 6: Considering different grant types for PUSCH(s), an indication mechanism that is adjustable for grant type offers flexibility and robustness
Observation 7: In the presence of CFO, PT-RS insertion may assist the gNB for the phase continuity maintenance within an acceptable range so the DM-RS coherence is maintained.
Observation 8: DMRS in special slot brings performance benefits
Observation 9: DMRS placement in a slot according to the DMRS in the special slot brings additional benefits
Observation 10: Joint channel estimation for TBoMS will provide additional performance gain from the receiver side
Proposal 1: Define a time window during which the UE is expected to maintain power or phase continuity
Proposal 2: Support at least the number of repetitions to indicate the length of the DM-RS bundling window
Proposal 3: Support a higher layer signaling (RRC) to enable DMRS bundling
Proposal 4 : Time window configuration is associated to repetition configurations in configured grant 
Proposal 5: Support a grant-type dependent index which indicates PUSCH(s) to bundle
Proposal 6: Support multiple DM-RS bundling windows
Proposal 7: When DM-RS bundling is enabled, PTRS should be enabled as well, at least for FR2.
Proposal 8: Support DM-RS placement in a special slot in DM-RS bundling when a special slot and uplink slot are placed continuously
Proposal 9: Confirm the working assumption  from RAN1#104b and support joint channel estimation for the TBoMS transmission for back-to-back PUSCH transmission
Proposal 10: Disable DM-RS bundling if flexible symbols or slots included in the time window turn to downlink symbols/slots due to SFI.
Proposal 11: RAN4 evaluation should include at least Use case 1 (BtB transmission for consecutive slots) and Use case 3 (BtB transmission for consecutive symbols within a slot) 
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Appendix
[bookmark: _Ref61819975]Table 1 VoIP PUSCH parameters, TDD
	Parameters
	Values

	Frequency Region
	FR1

	Duplexing mode
	TDD

	Carrier Frequency
	4GHz

	Subcarrier Spacing (kHz)
	30

	Tx  Bandwidth Configuration (MHz)
	100

	Waveform
	DFTsOFDM

	PHY channel
	PUSCH

	Allocation  (# of PRB)
	4 PRBs per slot, 2 PRBs per slot for TBoMS (TB spread over 2 slots)

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211)

	DM-RS (# of OFDM symbols)
	2DM-RS symbols per slot, Type B for uplink (14)

	Precoder
	None

	MCS index, table, VoIP packet size
	#4, Table 6.1.4.1-1, TS 38.214, VoIP packet size=320 bits

	HARQ sequence
	None

	Repetition/HARQ scheme
	None

	Frequency Hopping
	Disabled

	Antenna Configuration
	1x4 uplink channels (i.e., 1 TX at UE and 4 RX at BS)

	PA impairment
	Ideal

	Channel model (TDL type, DS)
	TDL-C, DS=300ns

	TX pattern per frame (for TDD)
	DDDSU

	Channel estimation
	Per-slot channel estimation

	UE mobility
	3km/hr, 120km/hr

	CFO
	Uniformly distributed, 0.1 ppm as upper bound
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