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Introduction
This document extends the discussion on the NR Coverage enhancements BS demodulation requirements introduced in  [1] after the discussion on the RAN4 #101bis-e summarized in [2] and with proposed way forward in [3] and [4]. 
The agreements reached during the last meeting regarding NR Coverage Enhancements BS Demodulation work are captured on the WFs  [3]. The major open topics being:
	· PUSCH enhancements
· TBoMS
· JCE



This paper presents Nokia’s views on the open issues related to the NR coverage enhancements BS demodulation work, extending the previous discussion introduced in [1].
PUSCH enhancements
Test metric for PUSCH 
The coverage enhancements WI is to enhance reliable eMBB traffic at the cell edge. Therefore, the most meaningful KPI to be required/tested for coverage enhanced PUSCH is SNR at 70% TPUT. 
Therefore, the following is proposed:
[bookmark: _Ref95598709]Use as evaluation metric the SNR at which the PUSCH achieves 70% of throughput to test PUSCH TBoMS and PUSCH JCE performances.

PUSCH repetition type A with 32 repetitions
Release 17 PUSCH repetition Type A supports an increase of the maximum number of repetitions with repetition factors configured in a Time Domain Resource Allocation (TDRA) list with a row index indicated either by the configured grant configuration or by TDRA field in a DCI. The increase from n16 to n32 impacts the BS demodulation performance in a very predictable way that is independent of implementation. Indeed, no algorithm change comparing Rel-16 and Rel-17 PUSCH repetition type A is introduced.
[bookmark: _Ref95598722][bookmark: _Hlk94692836]The increase from n16 to n32 impacts the BS demodulation performance in a very predictable way that is independent of implementation. New repetition factors can be included in the JCE feature.
[bookmark: _Ref95598737]RAN4 to not specify new BS demodulation requirements only for the increased number of Type A repetitions.

TB processing over multi-slot PUSCH
RV selection and RV cycling
In RAN1, the agreements below were approved [6]:  
	Agreement: 
For TBoMS in Rel-17, the following is supported:
•	Bit interleaving is performed per slot.
o	The index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission.
•	Transmission is limited to one CB only.
Agreement: 
Single TBoMS structure of Option 3 is selected:
Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 



This means that in case of TBoMS, the bit selection and interleaving in rate matching are done over a slot, whereas those were performed over a code block in the legacy as shown in Figure 1. 
This implies that in case of TBoMS, UE writes the TB/codeblock to circular buffer and uses the same RV for all slots within one TBoMS transmission, such that writing to slot continues from the bit in the circular buffer subsequent to the last bit in the previous slot. 
[image: ]
[bookmark: _Ref95669274]Figure 1: Circular buffer usage in legacy and TBoMS. (The right plot assumes that filler bits are taken into account for calculating circular buffer starting point from RV value, so the arrows do not overlap)

The fixed RV sequence {0, 2, 3, 1} is used/hardcoded for repetition of TBoMS and could also be used re-transmission, however usage of {0, 0, 0, 0} or {0, 3, 0, 3} is also legitimate in reTx, since TBoMS transmits a large number of parity bits. 
RAN1 decided that the legacy rules of RV cycling are reused. A simple modification is introduced to legacy calculations related to RV cycling, to handle RV cycling for both legacy PUSCH scheduling and TBoMS scheduling with a same rule (as per ‘Table 6.1.2.1-2 [5]).
 Note that the RV id of the first repetition is determined in the same way as legacy, whereas the RV id of the PUSCH re-transmission is dynamically indicated via DCI as in legacy. For convenience, we copy the related agreements below  [6]:
	Agreement RAN1#106-e:
For the repetition of a single TBoMS transmission, redundancy versions (RVs) are cycled across the TBoMS repetitions. The legacy Rel-15/16 RV sequences and RV index indication are reused.

Agreement RAN1#106bis-e:
For the retransmission of a single TBoMS with or without repetition in Rel-17:​
The gNB schedules only complete retransmissions of TBs.​
How the retransmission of the entire TB is done is up to gNB, e.g., could be single slot PUSCH retransmission or TBoMS retransmission, etc.​
Note: this has no specification impact.




Figure 2 shows an example of 3 common TBoMS deployment cases: 
· Case 1: TBoMS over 4 slots without repetitions 
· Case 2: TBoMS over 4 slots with 2 repetitions
· Case 3: TBoMS over 4 slots without repetition, where the second slot was not received and reTx is TBoMS over 2 slots with RV0 again.
[image: ]
[bookmark: _Ref95669339]Figure 2: TBoMS with/wo repetitions with/wo retransmission. (The number of slots in case of TBoMS is counted based on available slots [6]).
Note: G is defined in RAN1 as total number of coded bits available for transmission of codeblock. In the figure, all Gs are 1 PRB FDRA, but taller blocks indicate that the value of G is larger.

In Figure 2, case 3 shows retransmission (of initial transmission) of TBoMS over 4 slots. The initial transmission fails in the 2nd slot. In this case, the BS may decide to reschedule a retransmission of the TB, and only in its entirety (i.e., no partial retransmission is supported). The number of slots of retransmission of TBoMS could be changed. In this figure, we configured an example of TBoMS over 2 slots for the retransmission. A different RV id could be indicated by gNB for retransmission. However, to ensure to receive all the systematic bits, we recommend to always choose RV0. 
This leads us to the following observations:
[bookmark: _Ref95598746]For both single-slot transmission and TBoMS, the number of slots of retransmission could be different from the initial transmission. However, this would not strongly impact the TPUT KPIs. Hence, we should not test this slot number change. 
[bookmark: _Ref95598754]The same RV is used for all slots in the TBoMS scheme and is up counted for repetitions. New RV values can be chosen for HARQ re-transmissions, RAN1 does not give guidance concerning which RV cycling should be used.
[bookmark: _Ref95598764]In the common use cases for TBoMS, the 1st slot will contain the most systematic bits and the following slots will contain a large portion of the parity bits.
[bookmark: _Ref95598775]For re-transmissions it is advantageous to always use RV0, to be sure that systematic bits are contained.
Hence, we make the following proposal:
[bookmark: _Ref95598788]RAN4 to use HARQ re-transmission RV cycling with the pattern [0 0 0 0] and optionally [0 3 0 3].

Parameters for BS requirements for PUSCH TBoMS
The most common use case for TBoMS would be VoIP or small, periodic, and delay tolerant packets. Hence, we propose to test TBoMS using 4 PRBs. 
[bookmark: _Ref95598802]TBoMS demod requirements to be specified using 4PRB.

Furthermore, the voice packet is generated every 20 ms. Assuming the default tdd ul-dl pattern (7DSUU), we have 8 available UL slots for FR1 (SCS 30 kHz) and 32 available slots for FR2 (SCS 120kHz) before a new packet is generated. This means that TBoMS could be applied over 8 slots in both FR1 and FR2 before a new voice packet is generated. In case of FDD, more relaxed constraints apply due to dynamic scheduling.
[bookmark: _Ref95598815]RAN4 to include both FR1 and FR2 in demod requirements of TBoMS
[bookmark: _Ref95598825]RAN4 to specify TBoMS requirements over 8 available slots in FDD and TDD (using the default 7D1S2U, S=6D:4G:4U pattern). 

Moreover, RAN1 has shown [7]  that TBoMS is better suited for cases with high number of slots (N) and small M (number of repetitions). Hence, to make this feasible with the standard TDD pattern, we propose that TBoMS should be tested without enabling repetitions. 
[bookmark: _Ref95598834]RAN4 to test TBoMS performance without enabling repetitions.

To align with Rel16 and be able to focus on TBoMS performance, we think only CP-OFDM should be considered. 
[bookmark: _Ref95598845]RAN4 to consider CP-OFDM only to test TBoMS performance 

Additional aspects
Two additional aspects of TBoMS performance requirements could be considered in RAN4 demod:
· Dropping rules of whole TBoMS slots due to overlap with higher priority channels.
· Running UCI on PUSCH multiplexing on TBoMS PUSCH.
Since the peculiarity of TBoMS is that not all slots are equally well protected against loss (e.g., the first slot when starting with RV0 contains usually all the systematic bits), the two “features” above might have non-evident performance.
Concerning the dropping rules, we don’t think this is withing the scope of RAN4 demod, as such scheduling considerations are not usually part of demodulation requirements. Though such effects could be included by defining to have DTX/random symbols in some few slots via the FRC or channel model. We don’t have a strong opinion on inclusion of such a scenario but think it should be discussed.
Concerning the UCI on PUSCH multiplexing feature on top of TBoMS PUSCH, we see some merit in studying the performance impact. However, UCI multiplexing implementation and performance is already checked in Rel-15 and TBoMS PUSCH performance requirements are introduced in this WI. It is not of highest priority to verify the performance of both at the same time, even if it might some interesting interactions are possible. We are still open for discussion on this matter.
[bookmark: _Ref95760040]The UCI on PUSCH multiplexing feature on top of the TBoMS PUSCH feature has some non-trivial performance interactions between the two features. It can be discussed, but priority is lower with respect to other requirements. 


[bookmark: _Ref89566032]Joint channel estimation for PUSCH
In this section, we provide a tentative set of parameters that can be used in PUSCH performance requirements to test PUSCH joint channel estimation.

[bookmark: _Hlk95467109]JCE in case of frequency hopping 
Frequency hopping is commonly enabled by operators for diversity gain reasons. Since the frequency hopping is considered as a violating event that breaks the phase/power continuity of the configured window (cTDW), the JCE performance is to be tested with FH enabled to cover real cases of operators in BS demod requirements. 
Furthermore, the BS demodulation requirements for JCE feature should define test parameters for inter slot FH interval and cTDW jointly interacting.
[bookmark: _Ref95598883]To test JCE PUSCH performance, the inter-slot frequency hopping interval and configured cTDW should be defined jointly to ensure an actual aTDW > 1. 

In legacy, the inter-slot FH forces to hop after each slot for PUSCH transmissions (based on even/odd physical slot counting from beginning of frame). 
In RAN1#107bis, PUSCH-Frequencyhopping-Interval, a new RRC parameter has been agreed. This parameter allows to define the hopping interval value in case of DMRS bundling. This parameter allows to hop after the specified interval.
	Agreement
For PUCCH repetitions and PUSCH repetitions with DMRS bundling, introduce the following two RRC parameters for frequency hopping interval configuration. 
· PUCCH-Frequencyhopping-Interval
· PUSCH-Frequencyhopping-Interval
Note: finalize the details (such as value range, parent IE, etc…) of these two RRC parameters in RAN1 107#bis-e. 




This parameter will be used to propose the test-parameters of PUSCH JCE in the following sections. 
[bookmark: _Ref95759946]In Rel-17 coverage enhancement it was agreed to have a new configuration to set a frequency hopping interval, i.e., it is no longer needed to hop at each slot, which enable aTDW>1 with FH enabled.

[bookmark: _Ref95595319]TDD parameters for BS requirements for PUSCH JCE
To be able to define requirements of PUSCH JCE and highlight the benefit from using this feature, BS demodulation requirements should be tested using an actual window (aTDW) / slot number consisting of at least 2 slots. 
[bookmark: _Ref95598892]To test PUSCH JCE, the aTDW/slot number should at least be equal to 2.
The configured TDW should be as large as possible to take advantage of JCE gain, especially in cell edges scenarios. The counting method of the cTDW (configured window) is based on physical slots. This is not aligned with the new counting method introduced in Rel-17 for PUSCH repetitions, which counts on available slots. This means that we need to test high value of cTDW (greater than the number of repetitions) to be able to cover even a small number of possible repetitions. This is also the reason why RAN1 introduced and specified the TDW segmentation framework in which multiple shorter aTDWs can be created within a longer cTDW in response to a set of events (which also include unscheduled gap between two transmissions larger than 13 symbols).  
In Figure 3, with the default 7DSUU tdd-dl-ul pattern, we can see that with cTDW=32, we only reach 8 repetitions of PUSCH. This 8 repetitions case highlights the useful “self-subdividing” procedures of JCE into distinct aTDW.
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[bookmark: _Ref95669388]Figure 3: Inter-slot frequency hopping with PUSCH JCE (H1=hop1) in case of TDD.

Therefore, we propose the following configurations to specify requirements for PUSCH JCE in TDD: 
[bookmark: _Ref95485692]Use TDD UL/DL pattern 7DSUU.
[bookmark: _Ref95485696]Use configured time domain window (cTDW) to be 32 slots.
[bookmark: _Ref95485698]Use configured number of repetitions = 8.
[bookmark: _Ref95485701]Activate inter-slot frequency hopping, with hopping interval length equal to 2 slots.
[bookmark: _Hlk95471527]
FDD parameters for BS requirements for PUSCH JCE
In FDD, there is no gap between the consecutive UL slots. Therefore, we can reach the case of aTDW equal to the cTDW configured/nominal window if no other violating event of phase continuity happens. An example of violating event would be frequency hopping. To avoid that frequency hopping breaks the phase continuity in case of FDD, we propose to increase the value of hopping interval to 4, to achieve a good trade-off between harnessing frequency diversity and enjoying JCE benefits.  
Figure 4 shows a tentative of parameters in case of FDD.
[image: ]
[bookmark: _Ref95484918]Figure 4: Inter-slot frequency hopping with PUSCH JCE (H1=hop1) in case of FDD.
We summarize this in the following observation:
[bookmark: _Ref95485741]In FDD the phase continuity is not repeatedly broken by DL slots and similar JCE gains to TDD can be achieved with smaller cTDW/aTDW lengths.

Therefore, we propose the following configurations to specify requirements for PUSCH JCE in FDD:
[bookmark: _Ref95485744]Use configured time domain window (cTDW) to be 8
[bookmark: _Ref95485751]Use configured number of repetitions = 8.
[bookmark: _Ref95485762]Activate inter-slot frequency hopping, with hopping interval 4.

Other test parameters for BS requirements for PUSCH JCE
To ensure no transmission occurs between the 2 UL slots that may break the phase continuity, we propose the use of large TDRA, e.g., 14 slot PUSCH TDRA with full applicable test bandwidth. This is in line with the high TPUT use case of JCE.
[bookmark: _Ref95598990]RAN4 to specify BS demod requirements for JCE PUSCH feature by using large TDRA, e.g., 14 slot PUSCH TDRA with full applicable test bandwidth.
We prefer to focus on JCE feature for the testing and remain with CP-OFDM only to align with Rel16. 


Type A PUSCH repetition for msg3
Release 17 introduces both Type A repetition and inter-slot frequency hopping for PUSCH Msg3.The implementation of PUSCH Msg3 repetition could simply reuse Rel-16 demodulation implementation of PUSCH up to 16 repetitions cycled over RV sequence. Moreover, inter-slot frequency hopping has been already supported in Rel16 for Type A PUSCH repetitions.  
[bookmark: _Ref95729962]The implementation of PUSCH Msg3 repetition could simply reuse Rel-16 demodulation implementation of PUSCH up to 16 repetitions cycled over RV sequence.
[bookmark: _Ref95730024]RAN4 not to specify new BS demodulation requirements for the introduced PUSCH Msg3 repetitions.


[bookmark: _Hlk31794208]Conclusion
In this contribution, we have provided parameters to test PUSCH enhancements performance. Observations and proposals are derived from this discussion are presented as follows.

Test metric for PUSCH 
Proposal 1:Use as evaluation metric the SNR at which the PUSCH achieves 70% of throughput to test PUSCH TBoMS and PUSCH JCE performances.
TB processing over multi-slot PUSCH
Observation 1:The increase from n16 to n32 impacts the BS demodulation performance in a very predictable way that is independent of implementation. New repetition factors can be included in the JCE feature.
Proposal 2:RAN4 to not specify new BS demodulation requirements only for the increased number of Type A repetitions.
TB processing over multi-slot PUSCH
Observation 2:For both single-slot transmission and TBoMS, the number of slots of retransmission could be different from the initial transmission. However, this would not strongly impact the TPUT KPIs. Hence, we should not test this slot number change. 
Observation 3:The same RV is used for all slots in the TBoMS scheme and is up counted for repetitions. New RV values can be chosen for HARQ re-transmissions, RAN1 does not give guidance concerning which RV cycling should be used.
Observation 4:In the common use cases for TBoMS, the 1st slot will contain the most systematic bits and the following slots will contain a large portion of the parity bits.
Observation 5:For re-transmissions it is advantageous to always use RV0, to be sure that systematic bits are contained.
Proposal 3:RAN4 to use HARQ re-transmission RV cycling with the pattern [0 0 0 0] and optionally [0 3 0 3].
Proposal 4:TBoMS demod requirements to be specified using 4PRB.
Proposal 5:RAN4 to include both FR1 and FR2 in demod requirements of TBoMS
Proposal 6:RAN4 to specify TBoMS requirements over 8 available slots in FDD and TDD (using the default 7D1S2U, S=6D:4G:4U pattern).
Proposal 7:RAN4 to test TBoMS performance without enabling repetitions.
Proposal 8:RAN4 to consider CP-OFDM only to test TBoMS performance
Observation 6:The UCI on PUSCH multiplexing feature on top of the TBoMS PUSCH feature has some non-trivial performance interactions between the two features. It can be discussed, but priority is lower with respect to other requirements.
Joint channel estimation for PUSCH
Observation 7:To test JCE PUSCH performance, the inter-slot frequency hopping interval and configured cTDW should be defined jointly to ensure an actual aTDW > 1.
Observation 8:In Rel-17 coverage enhancement it was agreed to have a new configuration to set a frequency hopping interval, i.e., it is no longer needed to hop at each slot, which enable aTDW>1 with FH enabled.
Proposal 9:To test PUSCH JCE, the aTDW/slot number should at least be equal to 2
Proposal 10:Use TDD UL/DL pattern 7DSUU.
Proposal 11:Use configured time domain window (cTDW) to be 32 slots.
Proposal 12:Use configured number of repetitions = 8.
Proposal 13:Activate inter-slot frequency hopping, with hopping interval length equal to 2 slots.
Observation 9:In FDD the phase continuity is not repeatedly broken by DL slots and similar JCE gains to TDD can be achieved with smaller cTDW/aTDW lengths.
Proposal 14:Use configured time domain window (cTDW) to be 8
Proposal 15:Use configured number of repetitions = 8.
Proposal 16:Activate inter-slot frequency hopping, with hopping interval 4.
Proposal 17:RAN4 to specify BS demod requirements for JCE PUSCH feature by using large TDRA, e.g., 14 slot PUSCH TDRA with full applicable test bandwidth.

Type A PUSCH repetition for msg3

Observation 10: The implementation of PUSCH Msg3 repetition could simply reuse Rel-16 demodulation implementation of PUSCH up to 16 repetitions cycled over RV sequence.

Proposal 18: RAN4 not to specify new BS demodulation requirements for the introduced PUSCH Msg3 repetitions.
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