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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1#104bis e-meeting [1], the following agreements about joint channel estimation for PUSCH were achieved. 
	Agreements:
· For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS how the time domain window is determined (e.g., via explicit configuration and/or implicitly derived) and whether or not to have the possibility of enabling/disabling the time domain window
· FFS the units the time domain window (e.g. repetitions, slots, and/or symbols)
· FFS : association between the potential use case(s) and units of the time window
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS whether or not to further consider impacting of timing advance
Agreements:
· A new DMRS pattern equally spaced among PUSCH transmissions is not considered for joint channel estimation in Rel-17.
Agreements:
· For inter-slot frequency hopping with inter-slot bundling, down select on the following two options:
· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.
· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.
· FFS: Whether the bundle size (time domain hopping interval) is explicitly configured or implicitly determined.
· FFS: Whether/How the bundle size (time domain hopping interval) is defined separately for FDD and TDD.
· FFS: relation between the bundle size (time domain hopping interval) and the time domain window size
Agreements:
· For the time domain window for joint channel estimation, down select on the following two options:
· Option 1: The unit of the time domain window is defined separately for the following PUSCH transmissions:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed
· Option 2: The unit of the time domain window is the same for the following PUSCH transmission:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed
Agreement:
· 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 cases:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over back-to-back PUSCH transmissions with different TBs


[bookmark: OLE_LINK3]In this contribution, we will analyze and discuss the relevant mechanisms of enabling joint channel estimation.
2. Time-domain window for joint channel estimation
2.1. Determination on time domain window
In last RAN1#104bis e-meeting, it was agreed to specify a time domain window for joint channel estimation during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements. How the time domain window is determined still requires further study and discussion. 
To enable joint channel estimation at NW, UE needs to maintain power consistency and phase continuity among PUSCH transmissions. According to Section 6.3.4.4 in TS 38.101 [2], power control tolerance requirement is defined in current RAN4 specification, and UE Tx power change is limited within certain range. 
	[bookmark: _Toc13117434]6.3.4.4	Aggregate power tolerance
The aggregate power control tolerance is the ability of the UE transmitter to maintain its power in a sub-frame (1 ms) during non-contiguous transmissions within 21 ms in response to 0 dB commands with respect to the first UE transmission and all other power control parameters as specified in TS 38.213 [8] kept constant.
The minimum requirement specified in Table 6.3.4.4-1 apply in the power range bounded by the minimum output power as specified in subclause 6.3.1 and the maximum output power as specified in subclause 6.2.2.
Table 6.3.4.4-1: Aggregate power tolerance
	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	± 2.5 dB

	0 dB
	PUSCH
	± 3.5 dB





For example, the aggregate power control tolerance is defined, and the UE Tx power is allowed to be changed if the deviation does not exceed the upper bound in a certain duration. However, it is not clear on the impacts of joint channel estimation if UE still follows the same power control tolerance. Besides, RAN4 is also studying the phase continuity tolerance, which is a new RF requirement for joint channel estimation purpose. With the duration of transmission increases, the UE Tx power change would become larger. Hence, UE capability on power control and phase continuity tolerance should be reported, to facilitate NW to determine the time domain window for joint channel estimation at receiver. The details on the UE capability can be discussed in RAN4. Further, there would be some requirements or conditions from RAN4 to maintain power consistency and phase continuity, especially for non-back-to-back transmission with non-zero gap in-between adjacent transmissions, such as off-power requirements, maximum non-consecutive symbols, etc., which also have impact on the determination of the time-domain window. 
The time domain window can be explicitly or implicitly indicated by the network. From NW perspective, PUSCH detection cannot proceed until the last DMRS symbol within the time domain window for joint channel estimation is received. Hence, the processing latency would be increased and larger buffer size is required. Besides, in fading channel with high doppler spread, longer time-domain window would not bring in significant gain, even leading to degraded performance. Therefore, the time domain window should be configurable, and NW can indicate a proper window length, which takes the above issues into consideration. 
In TDD frame structure, e.g. DDDSUDDSUU, UL slots may be not distributed uniformly in time, and consecutive UL slots may be shorter than the length of time domain window. A fixed time domain window for joint channel estimation may be not well adapted with TDD frame structure.
Observation 1: The following factors have impacts on the determination of the time-domain window, 
· UE capability
· Power consistency and phase continuity requirements
· Network indication
· TDD frame structure
In last meeting, both explicit configuration and implicit determination of the time domain window, 
· Option-1: Explicitly configured by network indication
· Option-2: Implicitly derived based on other factors
With respect to Option-1, semi-static configuration (e.g. RRC) and dynamic signalling (e.g. DCI) could be considered to indicate the time domain window. Furthermore, the indication at least includes the length of time domain window. For example, the length of time domain window is indicated semi-statically by RRC or dynamically in the scheduling DCI. In this case, the length of time domain window indicated by the network should take some assistant information into account, such as power consistency and phase continuity requirements, UE capability, TDD frame structure, and etc. It can be up to NW to properly configure the time domain window which takes the above factors into consideration.
Example of explicit indication for time domain window for TDD systems is shown in Figure 1.
Proposal 1: Support determination of the time domain window based on explicit indication.

Figure 1. Examples of the determination of the time domain window based on Option 1 for TDD systems
For Option 2, the time domain window can be implicitly determined. According to conditions to maintain phase continuity and power consistency provided by RAN4, the time domain window can be implicitly obtained by checking whether the conditions can be met. For example, UE can not maintain phase continuity when there are DL receptions or non-zero gap greater than X symbols. When UE determines the conditions cannot be fulfilled, a new time domain window is started, as shown in Figure 2.
Proposal 2: Support determination of the time domain window based on implicit rule.

Figure 2. Determination of the time domain window based on Option 2 for TDD systems
This implicit rule can also be used together with the explicitly configured window in option 1. In the RRC configured window, phase continuity and power consistency are not always ensured due to the conditions are not fulfilled, and the RRC configured window can be further segmented to multiple actual time domain windows. 
As shown in Figure 3, the RRC configured window is composed of 8 consecutive slots, while due to DL reception in between the multiple PUSCH transmissions or non-zero gap caused by frame structure, the configured window is split to 2 actual DMRS bundling window, and power consistency and phase continuity is still ensured within the actual time domain window, while it is not required between transmissions in the two windows. This mechanism is similar to the segmentation of a nominal PUSCH repetition to multiple actual PUSCH repetitions in type-B PUSCH repetitions.
Proposal 3: The RRC configured window can further split to multiple actual time domain windows based on the implicit rule, if conditions for joint channel estimation are not fulfilled in the window, e.g. due to DL reception, TDD frame structure, and etc.

Figure 3. Determination of the time domain window based on explicitly configuration and implicit rule
2.2. Enabling/disabling the time domain window 
When the time domain window is configured, UE should maintain power consistency and phase continuity during the time domain window. However, there may be non-consecutive UL resources within the time domain window, and  UE is not required to meet off-power requirements in the non-zero gap, which means UE is not required to limit the transmission power to be lower than -50dBm during gap, and leads to higher interference to the system. Hence, once the time domain window for joint channel estimation is configured, there could be unexpected non-zero power signal and additional interference from each other, which maybe result in the loss of system throughput.
Furthermore, the presence of the time domain window for joint channel estimation applies restriction on the UL power adjustment. For UEs with well coverage, the performance enhancement owing to joint channel estimation would be limited. And the restriction perhaps brings in the increasement on power consumption. Thus, the flexibility of enabling/disabling the time domain window should be supported and could be considered to be left to the network scheduling. 
Proposal 4: Support enabling/disabling of the time domain window. 
3. Inter-slot frequency hopping with inter-slot bundling
Inter-slot frequency hopping with inter-slot bundling has been discussed in previous meetings. One open issue is that whether the inter-slot bundling size for inter-slot frequency hopping is the same as the time domain window for joint channel estimation. 
In our understanding, the main motivation of the optimazation of inter-slot bundling is to obtain the performance gain from joint channel estimation within the bundling size when frequency hopping is enabled. Furthermore, if the inter-slot bundling is designed as independent feature from joint channel estimation, these issues, such as how to determine the bundling size, explicit or implicit indication, enabling/disabling the inter-slot bundling and etc., should be also discussed. For sake of simplicity and minimum specification effort, the bundle size is preferrably equal to the length of time domain window, as discussed in Section 2.1. If Option-1 is supported, NW can properly configure the time domain window, which is optimized for time domain window together with inter-slot bundling. If Option-2 is supported, the implicit mechanism has taken some factors into account, and the determination of time domain window can take as many consecutive UL slots as possible, which could fully exploit the benifits of frequency hopping and joint channel estimation. 
For example, in FDD systems, consecutive UL slots could meet different bundle sizes for inter-slot frequency hopping. However, in TDD systems, due to DL slots or special slots, there are always limited consecutive UL slots. For the frame structure of DDDSUDDSUU, maximum 2 consecutive UL slots can be used without regard to special slots available for UL transmission. In this case, if there is no inter-slot bundling for frequency hopping, the legacy pattern is shown in Figure 4(a). For Option-1, NW can configure the time domain window size to equal to 5 slots to achieve maximum 2 consecutive UL slots for inter-slot bundling, shown in Figure 4(b). And for Option-2, the implicit mechanism can take as many consecutive UL slots as possible for the time domain window and inter-slot bundling, shown in Figure 4(c).

(a) legacy pattern for inter-slot frequency hopping

(b) frequency hopping pattern for Option-1 with indicated window size=5 slots

(c) frequency hopping pattern for Option-2 with actual window
Figure 4. PUSCH frequency hopping with inter-slot bundling for DDDSUDDSUU frame structure
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       (a) Frequency hopping pattern      		                       (b) BLER performance
Figure 5. Performance of PUSCH frequency hopping with inter-slot bundling
The bundling over 2 slots could be configured with joint channel estimation to obtain the performance gain. Above, we evaluate the performance of joint channel estimation with inter-slot frequency hopping for PUSCH VoIP as shown in Figure 5(a) and Figure 5(b) shows BLER curves  for pattern 1 and pattern 2, 320bit is considered as its payload size, and MCS4 is assumed.
It can be observed that the frequency hopping pattern with inter-slot bundling over 2 slots in the middle (pattern 2), has around 0.5dB gain compared to frequency hopping without inter-slot bundling pattern (pattern 1). 
Observation 2: Inter-slot bundling with joint channel estimation for frequency hopping could achieve better performance.
Proposal 5: If inter-slot frequency hopping is enabled, support the bundle size equal to the actual time domain window size.
4. Consideration on different TBs for joint channel estimation 
As discussed in last meeting, whether to support joint channel estimation over PUSCH transmissions with different TBs is analysed in this section. Compared to the conditions to support joint channel estimation for PUSCH/PUCCH repetitions, as provided by RAN4 [3], additional conditions are required to support joint channel estimation over PUSCH with different TBs.
In PUSCH power control mechanism, the TB size have impacts in Tx power determination. In order to maintain the phase continuity and power consistency among different TBs, same TBS across the different TBs is required. In addition, TPMI precoder, SRI, and pathloss RS are also required to be unchanged over the multiple TBs, to make sure NW can perform joint channel estimation at the receiver.
Observation 3: For PUSCH transmissions with different TBs, some extra conditions and restrictions are required, following parameters should be unchanged across the multiple TBs.
· TB size, TPMI, SRI and pathloss RS.
We investigated the performance  of joint channel estimation over PUSCH transmissions with different TBs, Figure 6 shows link level performance. For better comparison, simulation results of PUSCH repetition type A with same TB are shown in Figure 7. Simulation assumptions are listed in Table 1 in Annex 1. 
 
Figure 6. Comparison of joint channel estimation over different window size with different TB
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Figure 7. Comparison of joint channel estimation over different window size with same TB (repetition type A)
From the simulation results above, it is observed that when window size equals 8 slots, repetition type A with joint channel estimation achieves almost 1.7 dB performance enhancement at 10% BLER, and about 0.6 dB for PUSCH transmissions with different TBs. 
Observation 4: Joint channel estimation could provide improved performance for PUSCH transmissions with same TB or with different TBs. 

5. DMRS pattern optimization with joint channel estimation
5.1. Orphan symbol in special slot used for DMRS
In TDD frame structure, there could be few UL symbols in special slots, which are regarded as unavailable TDRA for some UL transmissions. These symbols can be used for shared DMRS with the adjacent UL transmission. Joint channel estimation could be applicable to provide performance gain. Furthermore, with the shared DMRS, number of DMRS symbols in the adjacent PUSCH can be reduced, and lower code rate can be obtained. 
With the number of repetitions increasing, the performance gain with additional DMRS symbols in special slots is expected to be more significant. The reason is that, in low SNR region, more DMRS symbols could provide better performance on noise suppression. Considering the popular TDD frame structure, e.g. DDDSUDDSUU, there is maximum 2 consecutive UL slots. In this case, maximum 2 consecutive repetitions would be reasonable. Thus, we evaluated the performance of 2 repetitions PUSCH with DMRS symbol in preceding special slots. The candidate patterns for evaluation are listed as below and depicted in Figure 8. Simulation results and simulation assumptions are shown in Figure 9 and Table 1 in Annex 1, respectively. 
Candidate patterns for evaluation: 
· Baseline: 2 repetitions, 1 DMRS per slot.
· Pattern 1: add 1 DMRS in special slot before 2 repetitions.
· Pattern 2: add 1 DMRS in special slot before 2 repetitions, DMRS symbol location is shifted based on that of Pattern 1.
· Pattern 3: add 1 DMRS in special slot before 2 repetitions, DMRS symbol location is optimized to generate an equally spaced DMRS pattern.
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[bookmark: _Ref68631362]Figure 8. Candidate patterns for symbol in special slot used for DMRS 
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[bookmark: _Ref68631396]Figure 9. Simulation results of candidate patterns for symbol in special slot used for DMRS
Based on the simulation results above, it can be observed that DMRS symbol in special slot combined with joint channel estimation brings in almost 0.7 dB performance gain at 10% BLER. Furthermore, DMRS symbol in special slot and the optimization on the location of DMRS in time domain, by introducing additional shift on DMRS symbol location, can provide the slightly better performance gain. However, the optimization for uniform spacing does not provide further performance gain than Pattern 1 at 10% BLER. 
Observation 5: If orphan DMRS symbol in special slot is introduced, further optimization on DMRS location in adjacent UL slot does not provide remarkable performance gain.
5.2. Orphan DMRS symbol in-between PUSCH repetitions
Similar to use DMRS symbol in special slot, orphan symbol in-between the PUSCH repetitions can also be used as DMRS for adjacent transmission. For example, actual repetition transmission with 1 OFDM symbol for repetition type B would be omitted, which can be reused for DMRS, as in Figure 10(a). Since orphan symbol is used for DMRS, DMRS configuration of adjacent transmission could be optimized to improve the performance. One optimization is to reduce number of DMRS symbol in the next adjacent transmission for lower code rate, as depicted in Figure 10(b). Another potential optimization is to introduce a symbol offset for DMRS symbol in time domain to space as uniform as possible, as depicted Figure 10(c). Furthermore, with the symbol offset, last DMRS symbol in the next adjacent transmission may be beyond the range of TDRA and hence dropped. Certainly, joint channel estimation should be performed over these transmissions and orphan symbol. 
[image: C:\Users\Administrator\AppData\Roaming\vchat\ChatFiles\2021-04\d296242c-cb15-4647-971e-da259c58343a.bmp]
(a) orphan symbol used for DMRS
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(b) reduce the first DMRS symbol in the next adjacent transmission
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(c) symbol offset =5
[bookmark: _Ref68631517]Figure 10. Example of the optimization for orphan symbol used for DMRS
We evaluated the performance of PUSCH type B repetition with the one orphan symbol in between actual repetitions used as DMRS symbol. The candidate patterns for evaluation are listed as below and depicted in Figure 11. Simulation results and simulation assumptions are shown in Figure 12 and Table 1 in Annex 1, respectively. 
Candidate patterns for evaluation: 
· Baseline: 2 nominal repetitions, orphan symbol located at 2nd actual repetition is omitted (not used for DMRS).
· Pattern 1: 2 nominal repetitions, orphan symbol located at 2nd actual repetition is used for DMRS.
· Pattern 2: 2 nominal repetitions, orphan symbol located at 2nd actual repetition is used for DMRS, and DMRS symbol location is shifted by 5 symbols in 3rd actual repetition.   
· Pattern 3: 2 nominal repetitions, orphan symbol located at 2nd actual repetition is used for DMRS, and the first DMRS symbol in 3rd actual repetition is reduced. 
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[bookmark: _Ref68631612]Figure 11. Candidate patterns for orphan symbol used for DMRS 
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[bookmark: _Ref68631624]Figure 12. Simulation results of candidate patterns for orphan symbol used for DMRS
It can be observed that orphan symbol used for DMRS brings in almost 0.8 dB performance gain at 10% BLER. The difference between Pattern 1 and Pattern 2 is mainly the location of DMRS due to the introduction of symbol offset, and there is no significant performance difference. With orphan symbol used for DMRS, reduced DMRS overhead could obtain further slight performance gain. 
Observation 6: DMRS on orphan symbol combined with joint channel estimation could provide performance gain. 
Observation 7: Further optimization on DMRS pattern of adjacent PUSCH does not provide remarkable performance gain, if orphan symbol DMRS is introduced in-between the PUSCH repetitions.
Proposal 6: DMRS on orphan symbol in-between the PUSCH repetitions can be used for joint channel estimation for adjacent PUSCH transmissions. 
5.3. PUSCH Preparation time with Orphan DMRS symbol
In current specification, PUSCH preparation time is described in section 6.4 of TS 38.214, as followed:
	…
[bookmark: _Hlk496824026][bookmark: _Hlk45746554]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start S and length L of the PUSCH allocation indicated by 'Time domain resource assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211]. 
-	For operation with shared spectrum channel access,  is calculated according to [4, TS 38.211], otherwise =0.
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 
…


The DMRS location of PUSCH has impact on PUSCH prepration timeline. If orphan symbol used for DMRS or symbol in special slot used for DMRS is supported, PUSCH preparation time may need revision to take the orphan symbol or symbol in special slot located before the first symbol of this PUSCH transmission into account. Thus, PUSCH preparation time  should be redefined to consider the first symbol in these orphan symbol(s) or symbol(s) in special slot as the first symbol of the PUSCH allocation, rather than the first symbol in the PUSCH allocation. Or, another parameter can be added to address the time offset in PUSCH preparation time , which is related to the number of these orphan symbol(s) or symbol(s) in special slot.
Proposal 7: If orphan symbol(s) used for DMRS or symbol in special slot used for DMRS is supported and located before the first symbol of this PUSCH transmission, the preparation time of this PUSCH need to be revised:
· Opt 1 : Redefine PUSCH preparation time  considering the first symbol in the orphan symbol(s) or symbol(s) in special slot.
· Opt 2 : Additional time offset in , which is related to the number of the orphan symbol(s) or symbol(s) in special slot. 

6. Joint channel estimation impacted by other transmission
In current mechanism, consecutive PUSCH transmissions can be interrupted by dynamic SFI or cancellation indications, higher priority transmissions in current mechanism. Thus, phase continuity and power consistency to enable joint channel estimation cannot be ensured. Besides, UE transmit power may be impacted by other procedures. If an UE is configured with CA and indicated to transmit PUSCH repetition transmission coherently in the first serving cell, and is indicated to transmit on a second serving cell which starts during the PUSCH repetition transmission, the UE may need to adjust transmission power on the first serving cell, which may damage the phase continuity and power consistency.  In above cases, the duration of time-domain window for joint channel estimation will be reduced compared to without interruptions, as illustrated in Figure 11.

(a) Contiguous transmissions interrupted by SFI/CI/other transmission

(b) Tx power change due to transmission on another serving cell
[bookmark: _Ref68631692]Figure 11. DMRS bundling impacted by other transmissions/procedures
In these cases, the UE behavior should be clarified if phase continuity cannot be ensured within the time-domain window for PUSCH transmissions with joint channel estimation. Whether and how to ensure phase continuity in these cases should be discussed, e.g. reducing the duration of time-domain window or  the UE is not required to maintain  phase continuity by specification. 
Proposal 9: PUSCH transmissions within the time-domain window for joint channel estimation may be interrupted by other transmissions/procedures, and whether and how to ensure phase continuity in these cases should be further studied. The interruptions can be caused in the following cases
· PUSCH transmissions is cancelled by SFI, CI or higher priority transmissions.
· UL transmission in another serving cell, when intra band CA is configured.

7. Conclusion
In this contribution, we analyze and discuss the relevant mechanisms of enabling joint channel estimation, and have the following observations and proposals: 
Observation 1: The following factors have impacts on the determination of the time-domain window, 
· UE capability
· Power consistency and phase continuity requirements
· Network indication
· TDD frame structure
Observation 2: Inter-slot bundling with joint channel estimation for frequency hopping could achieve better performance.
Observation 3: For PUSCH transmissions with different TBs, some extra conditions and restrictions are required, following parameters should be unchanged across the multiple TBs.
· TB size, TPMI, SRI and pathloss RS.
Observation 4: Joint channel estimation could provide improved performance for PUSCH transmissions with same TB or with different TBs.
Observation 5: If orphan DMRS symbol in special slot is introduced, further optimization on DMRS location in adjacent UL slot does not provide remarkable performance gain.
Observation 6: DMRS on orphan symbol combined with joint channel estimation could provide performance gain. 
Observation 7: Further optimization on DMRS pattern of adjacent PUSCH does not provide remarkable performance gain, if orphan symbol DMRS is introduced in-between the PUSCH repetitions.
Proposal 1: Support determination of the time domain window based on explicit indication.
Proposal 2: Support determination of the time domain window based on implicit rule.
Proposal 3: The RRC configured window can further split to multiple actual time domain windows based on the implicit rule, if conditions for joint channel estimation are not fulfilled in the window, e.g. due to DL reception, TDD frame structure, and etc.
Proposal 4: Support enabling/disabling of the time domain window. 
Proposal 5: If inter-slot frequency hopping is enabled, support the bundle size equal to the actual time domain window size.
Proposal 6: DMRS on orphan symbol in-between the PUSCH repetitions can be used for joint channel estimation for adjacent PUSCH transmissions. 
Proposal 7: If orphan symbol(s) used for DMRS or symbol in special slot used for DMRS is supported and located before the first symbol of this PUSCH transmission, the preparation time of this PUSCH need to be revised:
· Opt 1 : Redefine PUSCH preparation time  considering the first symbol in the orphan symbol(s) or symbol(s) in special slot.
· Opt 2 : Additional time offset in , which is related to the number of the orphan symbol(s) or symbol(s) in special slot. 
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Annex 1: Simulation Assumptions
[bookmark: _Ref40286490]Table 1. Link-level simulation assumptions for PUSCH transmission
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T,2R

	Channel estimation
	MMSE

	Channel coding scheme
	LDPC

	MCS
	MCS2: QPSK, 193/1024

	Repetitions if applicable
	K= 1,2,4,8

	Data allocation
	4 RBs allocated, 
14 symbols with 1 DMRS or 2 DMRS for repetition type A
7 symbols with 1 DMRS for repetition type B

	DMRS configuration
	Type 1, single symbol
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