Page 1

3GPP TSG RAN WG1 #106-e	                                                        R1-2106903
e-Meeting, Aug 16th  –  27th, 2021
Agenda Item:		8.8.1.2
Source:				Samsung
Title:					TB processing over multi-slot PUSCH
Document for:	Discussion
Introduction
[bookmark: _Hlk22834419]PUSCH was identified as the bottleneck for NR coverage. The following enhancements were agreed in Coverage enhancement WI and updated in [1] to improve coverage of PUSCH:
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· 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]



This contribution discusses the support of TB processing over multi-slot PUSCH. 
Discussion
Time domain resource allocation
The following agreement was made for TDRA related issue:


With the support of only PUSCH repetition Type A like  TDRA, the left issue as listed in the FFS, whether to optimize the usage of UL resources in the special slot. From resource usage perspective, a more flexible manner for UL resource utilization could be extremely helpful in TDD case whether the UL resource is quite limited for a given time period. With all the UL signals needs to be considered (e.g., PRACH, PUCCH, SRS), it will be better to grab the possible UL resource to be used as much as possible. This motivates the use of the symbols in special slot. So even when the UL symbols (to be used) is not equal to the number of L indicated by TDRA SLIV,  these symbols could still be used.Agreement:
Time domain resource determination for TBoMS can be performed only via PUSCH repetition Type A like TDRA. 
· FFS: details
· FFS: whether or not optimizations for time domain resource determination are necessary for allocating resource in the S slots (for the unpaired spectrum case) 

Proposal 1: the usage of UL symbols (unequal to L in SLIV) in special slot should be supported.
In addition to the TDRA, one important information is the number of slot carrying a single TB. As agreed in last meeting

With type A repetition like TDRA is adopted, the following manner seems fine: indicating number of slot for one TB with an extra parameterAgreement:
Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.
· FFS: details.

With this method, UE can determinate the time domain resource, i.e., symbol(s), based on existing method. Additionally, number of slots (as well as repetitions) occupied by one TB can be indicated to UE. Shown as Figure 1, time domain resource is indicated by TDRA field in DCI as starting symbol S, number of symbols L in Slot n. In addition, 2 slots and 2 repetitions is used to transmit a single TB. For Type A repetition, PUSCH occupies L symbols starting from symbol S in Slot n and Slot n+1. 2L symbols are used to transmit one TB. On top of it, repetition is further configured, which occupies same symbols in Slot n+2 and Slot n+3.  . 
This method can be supported on top of current Type A. An extra parameter for the number of slot or repetition for on TB needs to be configured additionally. Repetition of a TB can be additional supported, to balance the decoding latency and performance. The benefit of this method is that, the new scheme of TB over multi-slot can better coexistence with PUSCH scheduled by Type A. gNB scheduler can be reused, and it is also easy for UE to reuse current scheme as much as possible. 


Figure 1
Proposal 2: Indicating number of slot for one TB with an extra parameter in a TDRA row.
Proposal 3: Repetition is supported for TB over multi-slot. 
Frequency domain resource allocation
TB over multi-slot is introduced to improve the coverage of PUSCH. Since uplink transmission is limited by transmission power, boosting the transmission power into a narrower bandwidth can help to improve coverage. On the other hand, because on TB can be transmitted over multiple slots. There is no need to occupy more frequency domain resource to achieve a lower code rate. There is no need to support more PRB in frequency domain, and single PRB might be enough. On the other hand, restricting the PRB number in frequency domain can reduce the DCI size, which is benefit for coverage of PDCCH.  
Proposal 4: The maximal number of PRB allocated in time domain is reduced for TB over multi-slot. 

TBS determinationAgreement:
The following approach is used to calculate NInfo for TBoMS:
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.
· FFS: the definition of K.
L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.

Working assumption:  Agreement:
For TBS determination of TBoMS:
· NohPRB is configured by xOverhead and represents the overhead per slot.
· NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated. 
Note: xOverhead configuration is as per Rel-15/16.


During last meeting, the following agreements are concluded for TBS related aspects.
The main issue left is the number K to be determined for Ninfo. We think it might be natural to use the number of slots allocated to one TBoMS, note here that “allocated slots” are the number of slots to be actually used for the TBoMS transmission.
Proposal 5: K is the number of slots these are allocated to UE for one TBoMS transmission .
Number of CB
It is noted that the design and operation of the RM and interleaver blocks are dependent on the expected usage scenarios for TBoMS and whether one or multiple CBs are supported for TBoMS. Although it might be reasonable for coverage enhancement to consider limited CB cases, e.g., only one CB, it is important that this clarification is formally provided in RAN1. 
Proposal 6: RAN1 to confirm whether one or multiple CBs are supported for TBoMS.
TOT, Rate-matching and interleaver operation 
During last meeting, the concept of TOT for TBoMS transmission was further discussed and its potential relation with the rate matching operation was summarized in below agreements. Working assumption
A transmission occasion for TBoMS (TOT) is constituted of at least one slot or multiple consecutive physical slots for UL transmission 
· FFS: whether the concept of TOT will be used for designing aspects related to signal generation, e.g., rate-matching, power control, etc.
· FFS: whether such concept will be specified or not.

Agreement:
· The structure of TBoMS will be according to only one of these two options (to be down-selected in RAN1#106-e)
· Option 3, if a design based on single RV is adopted. 
· Option 4, if a design based on different RVs is adopted. 
· FFS: other details, e.g., rate-matching, TBS determination, collision handling, etc. 
· The single RV is not constrained to have only the same coded bits in each slot or in each TOT
· The concept of TOT as per the corresponding Working assumption is used to define Option 3 and Option 4 and may or may not be used to design other details, e.g., rate-matching, TBS determination, collision handling and so on. 

Agreement:
The following three options for rate-matching for TBoMS are considered for down-selection during RAN1 #106-e, where only one option will be selected:
· Option a: Rate-matching is performed per slot;
· Option b: Rate matching is performed continuously across all the allocated slot(s) per TOT;
· Option c: Rate matching is performed continuously across all the allocated slots/TOTs for TBoMS
Note: “rate-matching is performed per X” means that the time unit for the bit selection and bit interleaving is X. 
Note2: the above 3 options imply that the UL resource in the time unit may or may not be consecutive (depending on the given option)


Regarding the issue mentioned in the options are the TB transmission over TOT(s) with single RV or different RV, which is actually related to the RM operation to using single RV for all TOTs or different RV for different TOTs.  As we discussed, for TB over multi-slot, by normal extension from Rel-16 PUSCH, there is a possibility that the coded bits corresponding to one CB would be mapped across the resources of more than one slot. There could be two options for the rate matching operation, namely continuous rate matching (C-RM) and segmented rate matching (S-RM). For the C-RM, the starting positioning of output bit sequence for a given slot is from the end of output bit sequence for previous slot. While for the S-RM, the starting position is based on the RV configured for PUSCH in this slot, like in current operation. 
[image: ]
Figure 3
As illustrated in Figure 3, a mother code of 1/3 is assumed and in two cases of relatively low coding rate and high coding rate, we could see if with enough number of RV, and the output bits for a slot is larger than the distance of two RV, the coded bit length could be fully covered. Thus the decoding performance should be similar. However, if the above condition is not fulfilled, the decoding performance could be degraded for S-RM. Whether the RV number is enough, or the coded length is enough, it could be highly related to design of TBoMS, e.g., number of slot for a TBoMS etc. General speaking, in the case of CovEnh situation, in which the coding rate is relatively small, it’s likely that the S-RM should have similar performance to C-RM. 
Observation 1: In case of CovEnh, the performance difference between C-RM (single RV based) and S-RM (multi-RV based) may be not significant.
Thus, consider the impact to the current NR implementation and benefits we can get from the TBoMS, the slot based TOT (i.e., multi-TOT) with different RV are slightly preferred. 
Besides, the RM operation provides the set of coded bits as output for the interleaver. The interleaver operates on the RM output to provide a mapping for the coded bits onto the symbols to be transmitted in each slot. Two possible operations for interleaving, one is interleaving among all slots, or interleaving per slot. The interleaving over all slots won’t provide any additional interleaving gain but only increase the implementation burden. It is natural to see the interleaving per slot is more aligned with current NR operation and implementation.
Pls note that the total complexity of having single RV or different RV are the same but with slot based operation, it will be much more friendly to current implementation, as well as to the UCI multiplexing which is discussed in the section 2.6. 
Proposal 7: Option 4(different RV) is slightly preferred for the definition of a single TBoMS.
Proposal 8: option a (Rate-matching is performed per slot) shall be supported for TBoMS.
PUCCH vs TBoMS PUSCH
In the case that a PUCCH is overlapped with PUSCH, e.g., HARQ-ACK, the UCI will be multiplexed in PUSCH by current NR behavior instead of parallel transmission of both signals. Thus, first discussion point is whether we allow PUSCH and PUCCH to be transmitted in case the overlapping happened. 
To allow parallel transmission of PUCCH and PUSCH (which is allowed in LTE system), it matters to the power allocation at UE side. Based on current power priority rules, UE will usually prioritize the PUCCH transmission over PUSCH which results in a potential power reduction of PUSCH transmission. Considering the scenario of Coverage Enhancement, usually the UE will transmit with full power already, then PUSCH transmission will be power reduced almost for sure.  Moreover, further splitting the power for multiple channels may be not desirable as it may result that all the UL transmissions are lack of power and fail in the coverage requirement.  
Proposal 9: Parallel transmission of PUCCH and TBoMS PUSCH is not preferred due to power splitting during CE situation.
Instead, UCI multiplexing on TBoMS PUSCH could be then a more suitable choice for coverage enhancement case. To do UCI multiplexing in TBoMS PUSCH, several aspects to be considered, e.g., the REs for UCI transmission for all slots, the actual RE for UCI transmission per slot, etc. Given the PUSCH repetition type A-like TDRA is adopted, the eventually UCI coded modulated symbol number is the comparison outcome among: target UCI RE number based on repetition RE, available UCI RE number based on repetition RE. More specifically, the minimum one among these two RE numbers will be chosen. The different part for TBoMS PUSCH is, now the RE number for one TBoMS PUSCH transmission is the total number over multiple slots, instead of one single slot. 
One issue is that the timeline determination for the UCI multiplexing, namely
A. The timeline requirement is applied for the first slot of the TBoMS, as long as the PUCCH is overlapped with any slot of the TBoMS;
B. The timeline requirement is applied for the actual overlapped slot in the TBoMS.  
As we discussed in previous section, if the RM including the interleaving operation will still be slot based, it could be very natural to extend the current behavior as indicated in option B.
Proposal 10: UCI multiplexing in TBoMS PUSCH is supported in Rel-17 CE, 
Proposal 11: The timeline requirement is applied for the actual overlapped slot in the TBoMS.
Conclusion
This paper discusses the mechanism to support TB over multi-slot. The following proposals are made:
Proposal 1: the usage of UL symbols (unequal to L in SLIV) in special slot should be supported.
Proposal 2: Indicating number of slot for one TB with an extra parameter in a TDRA row.
Proposal 3: Repetition is supported for TB over multi-slot. 
Proposal 4: The maximal number of PRB allocated in time domain is reduced for TB over multi-slot. 
Proposal 5: K is the number of slots these are allocated to UE for one TBoMS transmission .
Proposal 6: RAN1 to confirm whether one or multiple CBs are supported for TBoMS.
Observation 1: In case of CovEnh, the performance difference between C-RM (single RV based) and S-RM (multi-RV based) may be not significant.
Proposal 7: Option 4(different RV) is slightly preferred for the definition of a single TBoMS.
Proposal 8: option a (Rate-matching is performed per slot) shall be supported for TBoMS.
[bookmark: _GoBack]Proposal 9: Parallel transmission of PUCCH and TBoMS PUSCH is not preferred due to power splitting during CE situation.
Proposal 10: UCI multiplexing in TBoMS PUSCH is supported in Rel-17 CE, 
Proposal 11: The timeline requirement is applied for the actual overlapped slot in the TBoMS.
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