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[bookmark: _Ref513464071]Introduction
In RAN#90e, the following PUSCH enhancements were agreed to be included as part of the normative work [1].

	· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]



In this contribution, proposals are made to support DMRS bundling for PUSCH for both dynamic and configured grants. In addition, a signaling scheme to support DMRS bundling which can support PUSCH transmitted in dynamic or configured grants is proposed.
DMRS Bundling to enable joint channel estimation
Background
Joint channel estimation at gNB can be enabled by combining channel estimates from DMRS in multiple PUSCH(s). DMRS bundling is a technique to allow channel estimation using multiple DMRS symbols across different slots or repetitions. To obtain improved performance from joint channel estimation, phase and power continuity should be maintained between PUSCHs that contain DMRS to be bundled. In the presence of 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 important to enable DMRS bundling 
In Figure 1, the performance comparison for the VoIP system between slot-by-slot and joint channel estimation is shown. The evaluation assumptions are described in Table 1. In the simulation, DMRS in 2 consecutive uplink slots in the DDDUU format are used for joint channel. Separate TBs are mapped to each uplink slot and full-slot PUSCH transmission is simulated. From the results presented in the figure, compared to the slot-by-slot channel estimation (CHEST), performance improvement can be obtained by using the joint channel estimation. It is also clear from the figure that as mobility of the UE increases, the overall performance deteriorates as the UE mobility increases. Slight performance degradation of slot-by-slot channel estimation between 3km/hr and 120km/hr is caused by lack of DMRS symbols, i.e., intra-slot channel estimation performance deteriorates as the UE mobility increases. BLER Performance gain of about 0.25dB can be obtained for joint channel when the UE mobility is 120km/hr.  For the UE mobility of 3km/hr, performance improvement of 0.6dB gain can be obtained by the joint channel estimation. Based on the evaluation results, the following observation is made.
Observation 2: The amount of performance improvement by joint channel estimation is influenced by UE mobility speed 
[image: ]
[bookmark: _Ref61761139]Figure 1 BLER comparison for joint vs. slot-by-slot channel estimation (CHEST), VoIP, DDSUU
PUSCH types for DMRS bundling
The LS sent to RAN4 [2] contains questions related to the conditions that are required to enable DMRS bundling across PUSCH(s). For convenience, the questions for RAN4 are shown below.
	•Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions
•Question 2: Whether back-to-back PUCCH or PUSCH repetitions is one of the conditions required to keep phase continuity cross the repetitions
•Question 3: Under what conditions UE can meet the power control tolerance level cross PUCCH or PUSCH repetitions



A discussion point is whether we should apply DMRS bundling to PUSCH(s) that are not part of repetitions. Although the LS to RAN4 targets PUSCH transmission that are part of repetitions, whether PUSCH that is not part of the repetitions, which can meet the conditions indicate by RAN4, can be part of the bundle should be discussed.
Observation 3: PUSCH (s) that can be bundled include repeated PUSCH or independent PUSCH
In the following, we will discuss several aspects that need to be considered to support DMRS bundling in the specification.
Considerations for support for DMRS bundling
Types of PUSCH for bundling
Firstly, types of PUSCH that can be bundled needs to be discussed. A DMRS bundling procedure, if required, may depend on types of PUSCH (i.e., repetition or non-repetition) or how PUSCH(s) are scheduled.
PUSCH repetition
[bookmark: _Hlk61766970]PUSCH repetitions can be scheduled dynamically or can be transmitted on configured grants.  Repeated PUSCH(s) can be transmitted with the same MCS and in the same frequency resources, if frequency hopping is turned off, which eases effort of the UE to maintain power and phase continuity. In addition, if the DMRS are placed in the same frequency resources across repetitions, channel estimation averaging at the gNB becomes more effective. 
Slot-by-slot (Type A) and Type B repetitions are supported for PUSCH repetitions. As explained in the previous subsection, whether the UE can maintain power/phase continuity across repetitions is critical to enable DMRS bundling. For Type A, since each nominal repetition is allocated per slot, the gNB shall be able to bundle DMRS effectively. For example, since all repetitions have the same DMRS configuration, the gNB can easily average channel estimates across repetitions.
Observation 4: For type A repetitions, due to the same DMRS configurations across repetitions, it can enable averaging of channel estimates across slots/repetitions at the gNB
Based on the observation, to maximize scheduling flexibility, DMRS bundling for Type A should be supported for both dynamic and configured grants.
[bookmark: _Hlk61766991]Proposal 1: Support DMRS bundling across a set of Type A PUSCH repetitions scheduled by DCI
Proposal 2: Support DMRS bundling across a set of Type A PUSCH repetitions in configured grants
For Type B, a nominal repetition can be split into actual repetitions at the slot boundary. An advantage of Type B repetition is that it is flexible enough that repetitions can be scheduled intra-slots or across the slot boundary. Whether the UE can maintain power/phase continuity across actual repetitions need to be investigated according to the LS response from RAN4. Moreover, whether bundling should be performed across actual repetitions and nominal repetitions for type B repetitions need to be discussed and possibly evaluated for its effectiveness. For example, the following combination of Type B repetitions can be considered for DMRS bundling:
1. DMRS bundling across all nominal & actual repetitions in the Type B repetition
2. DMRS bundling across only nominal repetitions (e.g., intra slot repetitions)
3. DMRS bundling across only actual repetitions (e.g., cross-slot boundary repetitions, repetitions separated by other transmissions)
4. DMRS bundling across a subset of nominal repetition(s) and actual repetition(s) (e.g., combination of the #2 and #3)

Observation 5: For Type B repetitions, whether and how DMRS in actual repetitions and nominal repetitions should be bundled need to be discussed (number of repetitions to be bundled in a set of Type actual and/or nominal repetitions, conditions for bundling e.g., intra-slot repetitions only, between actual repetitions only, between cross-slot repetitions only)
Moreover, given that  the number of DMRS symbols per repetition is small, DMRS bundling is needed to boost channel estimation performance.
Observation 6: Given a small number of DMRS for actual or nominal repetitions, support for DMRS bundling is needed to improve channel estimation performance for Type B repetition
Based on the above observations, the following proposal is made.
Proposal 3: Support DMRS bundling for Type B repetitions for both dynamic and configured grant
Non-PUSCH repetition
As stated in the observation, whether PUSCH that is not part of repetition can be bundled needs to be discussed. For example, the PUSCH that is scheduled by different DCI, or PUSCH transmission scheduled by a DCI and PUSCH in a configured grant can be bundled need to be considered. Bundling PUSCHs scheduled by CG and DCI may be considered for scheduling flexibility  If two PUSCH transmissions occupy the same frequency resource and MCS, or conditions that enable DMRS bundling are met, it is feasible to enable DMRS bundling across the PUSCH(s). Thus, the following proposals are made. The extension of the support for the following proposals may be determined by the RAN4 LS reply.
Proposal 4: Support DMRS bundling between PUSCH transmissions scheduled by different DCIs. 
Proposal 5: Support DMRS bundling between a PUSCH transmission scheduled by DCI and a PUSCH transmission in a configured grant.
Time domain allocation of PUSCH in the DMRS bundle
Whether DMRS bundling should be applied to contiguous or non-contiguous PUSCH transmissions should be discussed. Ideally, gNB should be able to perform channel estimation using the DMRS that are populated closely in the time domain to take advantage of coherency in the channel variations. In addition, power/phase continuity can be maintained easily if DMRS are close to each other and, 20ms gap is a feasible gap between PUSCH(s) to maintain power level under the relative power tolerance [4]. 


[bookmark: _Ref61472818]Figure 2 Bundled DMRS in uplink and special slot
In addition, whether DMRS in special slot should be bundled needs to be discussed as they also provide useful channel estimates for the gNB. In configuration such as DDDSU where the special slot contains downlink symbols, DMRS placed the special slot can assist channel estimation in the following uplink slot [3]. An example of bundled DMRS in special and uplink slot is shown in Figure 2.

Proposal 6: Support DMRS bundling which includes PUSCH transmission in a special slot

Signalling aspects
To enable joint channel estimation, there should be an expectation from the gNB that the UE maintained power and phase continuity between PUSCH(s). Thus, the gNB needs to inform the UE either implicitly or explicitly which PUSCH(s) that contain DMRS needs to be bundled so that the gNB can perform joint channel estimation. DMRS bundling may be determined based on channel estimates obtained by the gNB as parameters such as UE mobility may affect the performance of joint channel estimation. 
Based on the observed measurements, the gNB may determine that the channel environment is suitable for DMRS bundling. In addition, channel averaging is effective if it is performed in a long term or short term (i.e., for a set of repetitions). In addition, the UE needs to know how long the UE needs to maintain power/phase continuity. Thus, signalling details should include duration the UE is expected to maintain power/phase continuity. 
Depending on grant types, different signalling mechanisms may be needed. For example, DCI which triggers the UE to perform DMRS bundling may be needed if grant is dynamic. Timing of receipt of DCI (e.g., before each PUSCH transmission), needs to be discussed and specified. DCI may be used to signal to the UE to switch DMRS bundling on or off. Disadvantage of such dynamic indication of DMRS bundling is that it may cost overhead and loss of DCI may cause performance loss and inefficiency for DMRS bundling operation.
Observation 7: Dynamic indication of bundling (e.g., indicating to the UE to perform power/phase continuity maintenance for the next PUSCH) may cost overhead and loss of DCI may cause performance loss and inefficiency for DMRS bundling operation
As the semi-static configuration offers more robust signalling compared to dynamic signalling, the following proposal is made.
Proposal 7: Support a semi-static mechanism to indicate to the UE that DMRS from the indicated group of PUSCHs can be used by gNB for joint channel estimation
Once the UE receives the indication, the UE needs to prepare the PUSCH transmission so that the gNB can conduct joint channel estimation. The UE should maintain power and phase coherency between DMRS so that channel estimation performance can be improved by averaging the bundled DMRS at the gNB.
Grant type dependent signalling : bundling group index
One approach to increase efficiency to organize DMRS bundling via booking keeping index; let us call the index 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 time 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 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 8: Considering different grant types for PUSCH(s), an indication mechanism that is adjustable for grant type offers flexibility and robustness
Proposal 8: Support a grant-type dependent index which indicates PUSCH(s) to bundle

Conclusion.
The following observations are made in this contribution.

Observation 1: Maintenance of phase and power continuity across bundled PUSCH(s) is important to enable DMRS bundling 
Observation 2: The amount of performance improvement by joint channel estimation is influenced by UE mobility speed 
Observation 3: PUSCH (s) that can be bundled include repeated PUSCH or independent PUSCH
Observation 4: For type A repetitions, due to the same DMRS configurations across repetitions, it can enable averaging of channel estimates across slots/repetitions at the gNB
Observation 5: For Type B repetitions, whether and how DMRS in actual repetitions and nominal repetitions should be bundled need to be discussed (number of repetitions to be bundled in a set of Type actual and/or nominal repetitions, conditions for bundling e.g., intra-slot repetitions only, between actual repetitions only, between cross-slot repetitions only)
Observation 6: Given a small number of DMRS for actual or nominal repetitions, support for DMRS bundling is needed to improve channel estimation performance for Type B repetition
Observation 7: Dynamic indication of bundling (e.g., indicating to the UE to perform power/phase continuity maintenance for the next PUSCH) may cost overhead and loss of DCI may cause performance loss and inefficiency for DMRS bundling operation
Observation 8: Considering different grant types for PUSCH(s), an indication mechanism that is adjustable for grant type offers flexibility and robustness
Proposal 1: Support DMRS bundling across a set of Type A PUSCH repetitions scheduled by DCI
Proposal 2: Support DMRS bundling across a set of Type A PUSCH repetitions in configured grants
Proposal 3: Support DMRS bundling for Type B repetitions for both dynamic and configured grant
Proposal 4: Support DMRS bundling between PUSCH transmissions scheduled by different DCIs. 
Proposal 5: Support DMRS bundling between a PUSCH transmission scheduled by DCI and a PUSCH transmission in a configured grant.
Proposal 6: Support DMRS bundling which includes PUSCH transmission in a special slot

Proposal 7: Support a semi-static mechanism to indicate to the UE that DMRS from the indicated group of PUSCHs can be used by gNB for joint channel estimation
Proposal 8: Support a grant-type dependent index which indicates PUSCH(s) to bundle
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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, 10

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

	DM-RS (# of OFDM symbols)
	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 for 4 PRB
#2, Table 6.1.4.1-2, TS 38.214, VoIP packet size=320 bits for 10 PRB

	HARQ sequence
	None

	Repetition/HARQ scheme
	None

	Frequency Hopping
	Disabled

	Antenna Configuration
	1x2 uplink channels (i.e., 1 TX at UE and 2 RX at BS)

	PA impairment
	Ideal

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

	TX pattern per frame (for TDD)
	DDDUU

	UE mobility
	3km/hr, 120km/hr



image1.emf
-10 -8 -6 -4 -2 0 2

SNR (dB)

10

-3

10

-2

10

-1

10

0

i

B

L

E

R

BLER, VoIP, 4/10 PRB, 2DMRS

4PRB, 3km/hr, slot-by-slot CHEST

4PRB, 3km/hr, joint CHEST

4PRB, 120km/hr, slot-by-slot CHEST

4PRB, 120km/hr, joint CHEST

10PRB, 3km/hr, slot-by-slot CHEST

10PRB, 3km/hr, joint CHEST

10PRB, 120km/hr, slot-by-slot CHEST

10PRB, 120km/hr, joint CHEST

MCS#2, TS 38.214 Table

6.1.4.1-2

MCS#4, TS 38.214

Table 6.1.4.1-1


image2.emf
Downlink slot Downlink slot Downlink slot Special slot Uplink slot

D D D D D D D D D D D D D D

D D D D D D D D D D F F D U D U U U U U U U U U U U U U

Bundled DMRS


Microsoft_Visio_Drawing.vsdx
Downlink slot
Downlink slot
Downlink slot
Special slot
Uplink slot
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
F
F
D
U
D
U
U
U
U
U
U
U
U
U
U
U
U
U
Bundled DMRS



