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Introduction
In RAN #102 meeting, the WID of Release 19 NR NTN was agreed [1]. One objective of the WID is uplink capacity/throughput enhancement for FR1-NTN. 

	1. Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design



In this contribution, we provide our views on the study of NR-NTN uplink capacity enhancement. 
Discussion
Orthogonal Cover Codes (OCC) sequence 
The objective is to enhance DFT-s-OFDM PUSCH transmissions with OCC. 

The first topic is the design of OCC sequence. There are two types of OCC codes: Walsh codes and DFT-based OCC codes. The Walsh codes correspond to lines of a special square matrix, i.e., Hadamard matrix. The length of Walsh codes has to be a power of 2. For example, length-2 Walsh codes could be [1 1] and [1 -1], while length-4 Walsh codes could be [1 1 1 1], [1 1 -1 -1], [1 -1 1 -1] and [1 -1 -1 1].
The DFT-based OCC sequence is generated by a formula of , where . The length of DFT-based OCC sequence can be any positive integer. For example, length-2 DFT-based OCC sequence is [1 1] and [1 -1], length-3 DFT-based OCC sequence is [1 1 1], [1, , ] and [1, , ]. 

RAN1 should first determine which OCC sequence is to be used to spread PUSCH. 

Proposal 1: RAN1 is to determine whether Walsh codes or DFT-based OCC codes is used to generate OCC sequence.

OCC Spreading Schemes
The second topic is how to spread PUSCH with a generated OCC sequence. Three different schemes of spreading PUSCH with OCC sequence are mentioned in WID [1]: OCC across OFDM symbols, OCC across slots, and OCC within an OFDM symbol. We shall examine these three different schemes. 

OCC across OFDM symbols 
Suppose the PUSCH OFDM symbols before OCC spreading be [, …, ]. The OCC sequence to spread PUSCH is denoted by [, …, ]. The PUSCH OFDM symbols with OCC spreading are [, , …, , …, ,…, ]. 

Figure 1 shows an example of OCC = [1 -1] across OFDM symbols. 
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[bookmark: _Ref156740198]Figure 1: Exemplary OCC = [1 -1] across OFDM symbols 
There are several design details to be considered. 

Issue 1: the total number of PUSCH OFDM symbols after OCC spreading. 

For a PUSCH transmission, the number of PUSCH OFDM symbols is configured or indicated, e.g., via time domain resource allocation (TDRA). If PUSCH is spread with OCC, then the total number of PUSCH OFDM symbols needs to be determined. 

In one way, the total number of PUSCH OFDM symbols with OCC spreading is equal to the configured or indicated value. In an alternative way, the total number of PUSCH OFDM symbols with OCC spreading is equal to the configured or indicated value multiplied with OCC size. For example, DCI indicates that a PUSCH transmission occupies 14 OFDM symbols. If PUSCH is spread with OCC sequence of length 2, whether the total number of PUSCH OFDM symbols with OCC spreading is 14 or 28 needs to be determined. 

Issue 2: handling the PUSCH DMRS symbols in case of OCC spreading. 

How to handle PUSCH single-symbol DMRS in case of OCC spreading is unclear. 

A simple way is not to allocate data to the PUSCH DMRS symbols. Another way is to spread the PUSCH DMRS symbol with OCC. This is illustrated in Figure 1, where PUSCH DMRS symbols are in orange color. If PUSCH has more than 1 DMRS symbol, then it is possible to spread PUSCH DMRS symbol to the following PUSCH DMRS symbol. 

Proposal 2: Study the scheme of spreading PUSCH with across OFDM symbols OCC, including the total number of PUSCH OFDM symbols after OCC spreading, handling of PUSCH DMRS symbols under OCC spreading, etc.

OCC across slots 
It is clear that the PUSCH spreading with across slots OCC requires multi-slot PUSCH transmissions. Two usual ways of multi-slot PUSCH transmissions are as follows. 

1. the indicated PUSCH occupies multiple slots via repetition (e.g., PUSCH type A repetition). However, different redundancy versions (RV) of the PUSCH coded bits will be transmitted over different slots. The direct OCC spreading over different redundancy versions of PUSCH coded bits is infeasible. 
2. The indicated PUSCH occupies multiple slots via TB over multiple slots (TBoMS). In this scheme, different rate matching output bits are transmitted over different slots. The direct OCC spreading over different PUSCH rate matching output bits is infeasible. 

In summary, neither of the above two ways of multi-slot PUSCH transmission is compatible with across slots OCC. 

Hence, it is necessary to consider how to transmit the same redundancy version of PUSCH over multiple slots. A straightforward way is that for a single-slot PUSCH transmission, the same contents (i.e., all PUSCH OFDM symbols) are to be transmitted in the following  consecutive slots, where  is the OCC size. Then OCC sequence of size  is applied to these copies of PUSCH transmissions. The signaling design of supporting this scheme, e.g., whether it is based on PUSCH repetition type A without RV cycling, needs to be explored. 

Proposal 3: Study the scheme of spreading PUSCH with across slots OCC, including transmitting the same redundancy version of PUSCH over consecutive slots before OCC spreading.  

OCC within an OFDM symbol 
In the previous two cases, the OCC spreading is performed after DFT operation, or post-DFT OCC spreading. On the other hand, the OCC spreading may be applied before DFT operation as well. This is like PUCCH format 4, which only supports OCC sizes of 2 and 4. PUCCH format 4 occupies a single RB and 4-14 OFDM symbols. Since 12 sub-carriers in a single RB are divisible of OCC size of 2 or 4, the block-wise OCC spreading is performed on every 6 or 3 modulation symbols, respective to OCC size of 2 or 4. 

For DFT-s-OFDM PUSCH enhancement, we could apply the similar scheme to multiplex the transmissions from multiple UEs. If a PUSCH transmission occupies  RBs, the OCC spreading can be performed on every block of  modulation symbols, or every single modulation symbol.

Proposal 4: Study the scheme of spreading PUSCH with OCC within an OFDM symbol, including the OCC spreading granularity.  

We have discussed three OCC spreading schemes on PUSCH transmissions. Next, we shall discuss the advantages and disadvantages of these schemes.

When OCC spreading is used on PUSCH transmissions, the receiver (i.e., gNB) needs to combine neighbor OFDM symbols, neighbor slots, neighbor sub-carriers within an OFDM symbol. This de-spreading operation assumes that exactly the same copy is used before OCC spreading at transmitter side. However, these copies, after experiencing different channel fadings, may appear to be different at receiver side.
 
In fast fading channel with small coherence time (e.g., less than a slot), neighbor slots will experience a different fading condition. After combining the copies from neighbor slots, the resulting PUSCH BLER performance will be degraded. 

Furthermore, the PUSCH transmissions in NTN will experience Doppler, time variation and phase distortion, which further impact the time synchronization and subsequently joint PUSCH decoding, across neighbor slots. 

Observation 1: In fast fading, the BLER performance of PUSCH with across slots OCC spreading is degraded.

It is clear that PUSCH spreading with OCC across OFDM symbols or OCC within an OFDM symbol (with smaller OCC spreading granularity) is more robust in fast fading channels. On the other hand, PUSCH spreading with OCC across OFDM symbols or OCC within an OFDM symbol has relatively large specification impact on the existing resource mapping scheme since the slot structure is changed. While PUSCH with across slots OCC spreading does not change the existing slot structure and has the least specification impact on resource mapping.

Observation 2: The PUSCH spreading with across symbols OCC and OCC within an OFDM symbol have large specification impact on resource mapping.

Based on the study of PUCCH format 4, PUSCH with OCC within an OFDM symbol has the benefit of less sensitive to frequency offset, busty interference and delay spread, but it also has degraded performance at higher MCS values. 

Observation 3: The PUSCH with OCC within an OFDM symbol has the benefit of less sensitive to frequency offset, busty interference and delay spread, but has the degraded performance at higher MCS values.

Maximum OCC Size 
The third topic is to determine the maximum OCC size to be used to spread PUSCH. 

Consider two or more UEs transmits PUSCH with OCC spreading using different OCC sequences on the same time and frequency resources. The second UE’s transmission could be considered as the interference to the first UE’s transmission. Using a larger OCC size implies more interference will be added on the first UE’s transmission, which subsequently leads to more degradation on the PUSCH BLER performance on the first UE’s transmission.  

One target of designing the maximum OCC size is to have negligible impact on individual UE’s PUSCH BLER performance. If an OCC size is selected such that the resulting PUSCH BLER performance is significantly degraded, then this OCC size is too large since individual UE’s transmission is impacted. We should not sacrifice individual UE’s PUSCH transmissions since otherwise, the system size uplink capacity may not be effectively increased.

For example, it is shown [2] that OCC size of 12 will degrade PUSCH BLER performance. Hence, the maximum OCC size should be less than 12.

Proposal 5: The maximum OCC size is selected such that it has negligible degradation of PUSCH BLER performance.

Besides the impact on PUSCH BLER performance, the maximum OCC size should be selected as needed. If a cellular system uplink data throughput capacity is limited by control signaling capacity, then a larger OCC size will never be used. Hence, when determining the maximum OCC size, we should analyze the downlink control signaling capacity.

Consider an example (cf., [3]) of 20 MHz channel bandwidth and 15 kHz subcarrier spacing in NTN. There are a total of 106 RBs or up to 53 CCEs if CORESET has 3 OFDM symbols. If half of these CCEs are used for scheduling PUSCH HARQ retransmissions, with 1 CCE per UE, then up to 26 UEs will be scheduled for PUSCH HARQ retransmissions. Considering a typical 10% PUSCH transmission BLER, at most 260 UEs can be supported for PUSCH transmissions in a slot. On the other hand, the maximum number of UEs for PUSCH transmissions in a slot is given by , if each UE uses a single RB for PUSCH transmission. For across symbols OCC or frequency domain OCC where a PUSCH transmission occupies only a single slot, the maximum number of UEs for PUSCH transmission in a slot limits the maximum OCC size to 3 (> 260/106).  

Overall, we think the maximum OCC size is selected such that it does not provide more uplink data throughput than that is limited by downlink control channel capacity. 

Proposal 6: The maximum OCC size is selected such that it does not provide more uplink data throughput than that is limited by downlink control channel capacity. 

Scope of PUSCH with OCC
According to WID [1], there is no restriction on whether the OCC spreading on PUSCH is for dynamic grant PUSCH, type 1 configured grant PUSCH or type 2 configured grant PUSCH. In our view, OCC spreading on PUSCH should be applicable for all of dynamic grant PUSCH, type 1 and type 2 configured grant PUSCH. 

Although “no enhancement for initial access” is mentioned in WID, it is not crystal clear whether this refers no enhancement on initial access procedure (but, OCC spreading on Msg3 PUSCH is possible) or this refers no support of OCC spreading on Msg 3 PUSCH at all. It is preferred to clarify on this aspect.

Proposal 7: For PUSCH enhancement via OCC spreading, RAN1 to consider dynamic grant PUSCH, type 1 configured grant PUSCH and type 2 configured grant PUSCH.               
· RAN1 to clarify whether or not Msg 3 PUSCH capacity enhancement via OCC is to be supported. 

According to WID [1], the necessary signaling to support PUSCH enhancement via OCC is to be specified. 

Here, the contents of signaling needs to be examined (e.g., OCC sequence index and OCC size). The container of signaling could be considered for dynamic grant PUSCH and configured grant PUSCH, respectively. For example, in dynamic grant PUSCH enhancement via OCC, the OCC sequence index is contained in DCI, while in configured grant PUSCH enhancement via OCC, the OCC sequence index is contained in RRC configuration. 

Proposal 8: RAN1 to study the signaling to support PUSCH with OCC spreading.   
     
Others
The objective of enhanced GNSS operation is not included in NR NTN WID due to workload limitation. However, we still see the need of studying this enhancement, and it may be re-considered at the first Rel-19 check point in RAN #105 meeting. When a UE has outdated GNSS measurements or experiences degraded GNSS reception, it cannot adjust its uplink timing properly, leading to serious impact on satellite reception. Considering high speed satellite, UE may use a different mechanism to adjust its uplink timing, e.g., one shot timing adjustment to replace the legacy UE autonomous timing adjustment. The similar one-step solution for HST timing adjustment may be used for NTN. Specifically, UE shall keep the last uplink timing for this uplink transmission after GNSS turns to be unavailable, if the absolute value of  is less than a certain percentage of CP length, where  is the downlink timing when UE receives downlink frame after GNSS turns to be unavailable, and  is the downlink timing when UE receives the latest downlink frame before GNSS turns to be unavailable. Otherwise, the UE uplink timing immediately after GNSS turns to be unavailable shall be , where  is the latest value when UE has available GNSS information. 

Conclusion
In this contribution, we provided our views on NR-NTN uplink capacity enhancements. Our observations and proposals are as follows:

Proposal 1: RAN1 is to determine whether Walsh codes or DFT-based OCC codes is used to generate OCC sequence.

Proposal 2: Study the scheme of spreading PUSCH with across OFDM symbols OCC, including the total number of PUSCH OFDM symbols after OCC spreading, handling of PUSCH DMRS symbols under OCC spreading, etc.    

Proposal 3: Study the scheme of spreading PUSCH with across slots OCC, including transmitting the same redundancy version of PUSCH over consecutive slots before OCC spreading. 

Proposal 4: Study the scheme of spreading PUSCH with OCC within an OFDM symbol, including the OCC spreading granularity.

Observation 1: In fast fading, the BLER performance of PUSCH with across slots OCC spreading is degraded.

Observation 2: The PUSCH spreading with across symbols OCC and OCC within an OFDM symbol have large specification impact on resource mapping.

Observation 3: The PUSCH with OCC within an OFDM symbol has the benefit of less sensitive to frequency offset, busty interference and delay spread, but has the degraded performance at higher MCS values.

Proposal 5: The maximum OCC size is selected such that it has negligible degradation of PUSCH BLER performance.

Proposal 6: The maximum OCC size is selected such that it does not provide more uplink data throughput than that is limited by downlink control channel capacity. 

Proposal 7: For PUSCH enhancement via OCC spreading, RAN1 to consider dynamic grant PUSCH, type 1 configured grant PUSCH and type 2 configured grant PUSCH. 
· RAN1 to clarify whether or not Msg 3 PUSCH capacity enhancement via OCC is to be supported.

Proposal 8: RAN1 to study the signaling to support PUSCH with OCC spreading.         
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