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1. Introduction
In previous RAN 86 meetings, NR coverage enhancements study item is agreed, and the scope of this SI is given by [1]. At the RAN1#102 e-meeting [2], RAN1 began to study and discuss potential coverage enhancement solutions for specific scenarios and following agreements were made:
[bookmark: _Hlk48920876]Agreements:
· Capture the following updated structure in TR 38.830.
6.1		PUSCH coverage enhancements	
6.1.1	    Time-domain based solutions
6.1.2 	Frequency-domain based solutions
6.1.3	    DM-RS enhancements
6.1.4 	Power-domain based solutions
6.1.5 	Spatial-domain based solutions
6.1.6	Others
Agreements:
· Prioritize the study on the performance and specification impacts on time domain based solutions for PUSCH enhancements, including
· Increase the number of repetitions for PUSCH repetition  type A 
· PUSCH repetition with non-consecutive slots/on the basis of available slots for TDD
· Note: whether increasing the number of PUSCH repetition for FDD depends on the outcome of AI 8.8.1.1.
· Enhancement on PUSCH repetition Type B
· E.g., actual repetition across the slot boundary, or the length of actual repetition larger than 14 symbols, etc.
· TB processing at least over multi-slot PUSCH
· e.g., single TB, sized for a single slot, but transmitted in parts over multiple slots; or single TB, sized for multiple slots, transmitted over multiple slots, and in conjunction with repetition, etc.
· FFS
· OCC spreading based repetition
· Symbol-level repetition
· TB interleaving
· RV repetition
· Early termination of PUSCH repetitions

Agreements:
· Following solutions are not considered for PUSCH enhancements in this study item in RAN1:
· Enhancements to improve spherical coverage / beam correspondence
· Reflective arrays
· Polarization aspects of the UL and/or DL reference signals

Agreements:
· Prioritize the study on the performance and specification impacts on DM-RS enhancements for PUSCH, including 
· Cross-slot channel estimation
· With a lower priority compared with cross-slot channel estimation (i.e., companies are encouraged to study it)
· Lower density
· E.g., DM-RS sharing among multiple PUSCH transmissions or lower DMRS density in the frequency domain.
· Higher density j 
· E.g., in time or frequency domain, e.g., 1-comb pattern
· Adaptive configuration
· DM-RS balancing among frequency hops

Agreements:
· Multiple layer PUSCH transmission with DFT-S-OFDM for PUSCH enhancements can be studied with low priority.
· Study open-loop/closed loop Tx diversity for PUSCH enhancements with low priority.
Agreements:
· Study the performance and specification impacts on frequency domain based solutions for PUSCH, including
· Inter-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
· [bookmark: OLE_LINK4]Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation
· Enhancements on frequency hopping for PUSCH repetition type B
· Note that the above inter-slot frequency hopping enhancement can apply for PUSCH repetition type B
· [Sub-PRB transmission for VoIP]
· FFS: details, e.g., number of tones, multi-slot aggregation
· FFS
· Intra-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
Agreements:
· Study following power domain based solution for PUSCH enhancements
· Waveform design to optimize MPR/A-MPR
· [FDD high power UE]
· Power boosting for pi/2 BPSK 
In this contribution, some key issues about PUSCH coverage enhancement are analyzed and discussed based on the FFS left in the last meeting.
1. Discussion
2.1 Time domain based solutions
In R15/R16 specification, PUSCH repetition can only be configured on the consecutive slots. For common TDD 3:1 pattern (DDDSU), only one uplink slot exists every five slots [4]. The next uplink slot is too late and it will increase the transmission latency, especially when the length of actual repetition larger than 14 symbols. For example, if the length of actual repetition is 16 symbols, a five-slot wait interval needs to be waited for decoding.
It is necessary to extension the PUSCH repetition for non-consecutive slot and partial special slot. On the one hand, extend partial special slot increases the length of consecutive UL available symbols from 14 to 16 for PUSCH repetition (special slot configuration: DL:gap:UL=10:2:2). On the other hand, non-consecutive slot can reduce the probability of orphan symbols, if UE can utilize the UL resource in a less fragmented way, the better coding gain could be achieved.
Proposal 1: For PUSCH type B, it is better to extension actual/nominal repetition to support non-consecutive slots and partial special slot for improving the PUSCH utilization efficiency and enhancing coverage.
Besides, some other domain based solutions need to be further discussed after last meeting as below:
· FFS
· OCC spreading based repetition
· Symbol-level repetition
· TB interleaving
· RV repetition
· Early termination of PUSCH repetitions
For RV repetition, candidate solution is fixed RV repetition as Option 1 showing. From the point of us, this RV repetition solution need to be further evaluated. On the one hand, it may lead to a large re-transmission and processing delay because RV2 and RV1 can’t self-decoding. On the other hand, take the 16 repetitions for an example, fixed RV solution (0000222233331111) can provide a time diversity gain while the combining gain is much smaller than cycle repetition solution(0231023102310231), it is hard to say which is better for cell-edge UE with a low MCS (MCS parameter is set to 0 in LLS). Thus, whether fixed RV solution having a good performance gain needs to be further evaluated. 
Option 1: fixed RV
· 4 repetitions – RV 0,2,3,1 (no RV repetition)
· 8 repetitions – RV 0,0,2,2,3,3,1,1
· 16 repetitions – RV 0,0,0,0,2,2,2,2,3,3,3,3,1,1,1,1
Based on the option 1, we propose option2 dynamic RV repetition selected by gNB according to the CQI measurement and coding rate. The order of cycle is still keep 0, 2, 3, 1, but for each RV, whether keep or stop repetition depends on gNB indication. 
Option 2: dynamic RV
· 4 repetitions – RV 0,2,3,1 (no RV repetition)
· 8 repetitions – gNB indicates such as RV 0, 0,0,2,3,3,3,1.
· 16 repetitions –gNB indicates such as RV 0,0,0,0,2,2,3,3,3,3,3,3,1,1,1,1.

Besides, option3 finer granularity RV repetition can be designed and evaluated. If the order of cycle is still keep 0, 2, 3, 1 as a repetition number increasing, each actual repetition needs to be rate matched, resulting in a higher code rate and a loss of coding gain. In order to simultaneously obtain combing gain and keep the code rate not losing too much, each RV length can be split several finer parts according to the number of each RV repetitions. 
Option 3: finer granularity RV repetition 
· 4 repetitions – RV 0,2,3,1 (no RV repetition)
· 8 repetitions – RV 01,02, 21,22,31,32, 11 ,12(every RV segment into two parts, 01 , 21 ,31 , 11  represent the first half-length of RV0,2,3,1 and 02 22  32 12 represent the rest half-length of RV 0, 2,3,1 respectively.)
· 16 repetitions – RV 0,01,02,03,2,21,22,23,3,31,32,33,1,11,12,13 (every RV segment into four parts)

Proposal 2: Whether fixed RV repetition solution having an overall performance gain need to be further evaluated. Dynamic RV repetition or finer granularity RV repetition may be better.
For OCC spreading based repetition, more PUSCH repetitions can be configured on the same resource so it is beneficial for increasing the efficiency of resource utilization. The spectrum efficiency can be improved by CDM among multiple UE multiplexing. Thus, we think there will be some performance gain.  
[bookmark: OLE_LINK1]Proposal 3:  OCC spreading based repetition can increase the spectrum efficiency, it should be considered into the candidate solutions for coverage enhancement. 
2.2 Frequency domain based solutions
Several frequency domain based solutions and corresponding evaluation results in different scenarios are given in the previous meeting, including increase inter-slot hopping positions, enhance intra-slot frequency hopping, enable both intra-slot and inter-slot hopping and so on. In this section, different solutions are further studied and discussed based on the previous work.
· More inter-slot frequency hopping positions
Vivo figured out the performance gain brought by enhanced frequency hopping in contribution R1-2005395[5]. And it is shown for inter-slot frequency hopping, frequency hopping on 4 different frequency locations can provide about 1dB performance gain compared with hopping on 2 frequency locations. Besides, when relatively large number of repetitions, e.g., 8 or 16, is applied for PUSCH transmission, number of hops increased from 2 to 4 can further improve the performance by exploiting the benefit of frequency diversity. About ~1.5dB performance gain can be achieved when 4 frequency hops are used for PUSCH[6].
· Enhanced intra-slot frequency hopping
For the enhanced intra-PUSCH hopping, 3 hops within one slot and 1 DMRS symbol for each hop is assumed, which increases a hop in each slot compared with conventional frequency hopping scheme. And this scheme can provide 0.4dB gain with target 10% iBLER for eMBB[7].
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]Enabling both intra and inter slot hopping
Simulation results providing by ZTE show that enabling both intra and inter slot hopping can provide additional 0.58/0.86 dB gain over inter-slot hopping in Rel-15 at target BLER 0.1 and 0.01[8].
[bookmark: _Ref32407885]Observation 1: Compared to other FH solutions, increasing inter-slot frequency hopping positions can provide the most obvious gain, more than 1dB performance gain with hopping on 4 frequency locations. 
Observation 2: Compared to other FH solutions, intra-slot frequency hopping related solutions, such as intra-slot frequency hopping positions and both intra and inter slot hopping can provide relatively small additional gain, about 0.5 dB less than 1dB. 
Thus, intra-slot frequency hopping schemes provide smaller gain and high complexity compared with inter-slot schemes. Besides, it also causes problems and increases the design complexity for some other time domain based or DMRS related coverage enhancement schemes, such as DMRS sharing or DM-RS balancing among frequency hops.
[bookmark: _Hlk47088732]Proposal 4: The number of inter-slot frequency hops positions can be increased to at least 4 to further improve PUSCH coverage. 
Proposal 5: From the perspective of balancing complexity and performance gain, intra-slot frequency hopping should not to be supported.
· Cross-slot channel estimation
It can be observed that ~0.9dB performance gain with a fixed window size of 4 slots for cross-slot channel estimation can be achieved in R1-2005889. Although inter-slot frequency hopping pattern with inter-slot bundling is proposed. But the fixed window and the fixed bundling size hopping pattern need to be further evaluated and discussed. Maybe dynamic configuration and indication are more flexible and can obtain more substantial gain.  

Proposal 6: Maybe dynamic indication window size and inter-slot bundling size for cross-slot channel estimation is more suitable
2.3 DMRS enhancements
In principle, one repetition should have at least one column DMRS for demodulation. When one nominal repetition is split into multiple actual repetitions, there can be some unavailable DMRS location leading to original DMRS losing. In this case, whether to add the “lost original DMRS” or sharing the DMRS with adjacent actual repetitions need to be considered. 
Inter-repetition frequency hopping bundling is a prerequisite. If there exists inter-repetition frequency hopping between adjacent repetitions, it can’t share DMRS because of the low frequency coherence. Otherwise at least actual repetitions segmented from the same nominal repetition in the same or continuous slots can share DMRS. Because the same nominal repetitions usually segmented by slot-boundary or blank symbols, probably within the coherence time and coherence bandwidth. 
For example, as illustrated in Figure 1, where each nominal repetition contains eight symbols and two columns DMRS. The nominal repetition 2 will split to three actual repetitions Rep 2, 3 and 4 when meets blank symbol or slot boundary. Then, we think these three actual repetitions can sharing DMRS.


[bookmark: _Ref14286593]Figure 1 The second repetition is split into three actual repetitions and sharing the DMRS
Proposal 7: Support inter-repetition bundling to enable DMRS sharing. 
Proposal 8: At least actual repetitions segmented from the same nominal repetition in the same or continuous slots can share the same DMRS.
In section 2.1 time domain based solutions, we proposed for PUSCH type B, it is better to extension actual/nominal repetition to support non-consecutive slots and partial special slot for improving the PUSCH utilization efficiency and enhancing coverage. Correspondingly, the DMRS in special slot should be supported to bundling to the adjacent DMRS.

Proposal 9: Support DMRS bundling in Repetition Type B which includes DMRS placement in a special slot. 
1. Conclusion
In this contribution, we discussed on the potential techniques for PUSCH coverage enhancement. Based on the discussion we made following proposals:
Proposal 1: For PUSCH type B, it is better to extension actual/nominal repetition to support non-consecutive slots and partial special slot for improving the PUSCH utilization efficiency and enhancing coverage.
Proposal 2: Whether fixed RV repetition solution having an overall performance gain need to be further evaluated. Dynamic RV repetition or finer granularity RV repetition may be better.
[bookmark: _GoBack]Proposal 3: OCC spreading based repetition can increase the spectrum efficiency, it should be considered into the candidate solutions for coverage enhancement.
Proposal 4: The number of inter-slot frequency hops positions can be increased to at least 4 to further improve PUSCH coverage. 
Proposal 5: From the perspective of balancing complexity and performance gain, intra-slot frequency hopping should not to be supported.
Proposal 6: Maybe dynamic indication window size and inter-slot bundling size for cross-slot channel estimation is more suitable
Proposal 7: Support inter-repetition bundling to enable DMRS sharing. 
Proposal 8: At least actual repetitions segmented from the same nominal repetition in the same or continuous slots can share the same DMRS.
Proposal 9: Support DMRS bundling in Repetition Type B which includes DMRS placement in a special slot.
References
[1] RP-193240, “New SID on NR coverage enhancement”, TSG-RAN#86, Sitges, Spain, Dec 9-12, 2019.
[2] 3GPP TSG RAN WG1 Meeting#102-e,“Chairman's Notes RAN1#102-e v022”, Aug 17th-28th, 2020.
[3] R1-2007404, “Email discussion/approval on PUSCH coverage enhancement”, China Telecom
[4] R1-2006741, “Potential techniques for PUSCH coverage enhancements”, NTT Docomo
[5] R1-2005395, “Discussion on solutions for PUSCH coverage enhancement”,Vivo.
[6] R1-2005889, “Discussion on potential techniques for PUSCH coverage enhancement”, Intel Corporation
[7] R1-2005732, “Potential solutions for PUSCH coverage enhancements”, CTC
[8] R1-2005427, “Discussion on potential techniques for PUSCH”, ZTE
[9] R1-2005258, “Discussion on the potential coverage enhancement solutions for PUSCH”, Huawei HiSilicon
[10] R1-2005732, “Potential solutions for PUSCH coverage enhancements”, China Telecom
[11] R1-2006977, “Potential coverage enhancement techniques for PUSCH”, Qualcomm Incorporated

Microsoft_Visio_2003-2010___.vsd
�

DMRS


DMRS


blank


DMRS


0


1


2


3


4


5


6


7


8


9


10


11


12


13


0


1


2


3


4


5


6


7


8


9


10


11


12


13


Symbol index


Slot n


Slot n+1


Rep1


Rep2


Rep4


Rep3



image1.emf
DM

RS

DM

RS

blan

k

DMR

S

0 1 2 3 4 5 6 7 8 9 10 11 12 13 0 1 2 3 4 5 6 7 8 9 10 11 12 13

Slot n Slot n+1

Symbol index

Rep1

Rep2 Rep

4

Rep

3


