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1 Introduction

In RAN2#99bis meeting, the SUL operation is discussed for the first time in RAN2 based on [1]. The concept of the SUL operation is as indicated in the below figure 1.. There will be one DL and 2 ULs in one cell, and the SUL will be allocated in the lower frequency in order to improve the UL coverage compared the NR bands.
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Figure 1: NR frequency combination of conventional paired carrier and SUL (for UL only).

In RAN2#99bis meeting, the agreements about the SUL operation are achieved:

Agreements for SUL operation in connected mode:

1
When SUL is configured there are 2 ULs configured for one DL of the same cell. (FFS how much configuration is provided for the 2 ULs)

2
At any point in time, each serving cell has at most one PUSCH for transmission

Options for further discussion on RRC signalling to configure SUL

1
RRC configured 2 ULs (one if a full UL configuration and 2nd is just SRS configuration). RRC reconfiguration to provide a full UL configuration for a different carrier is used to switch UL data between 2 different ULs.

2
RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, or 2 use both ULs 

Clarification of agreements

1
In any slot, one PUSCH is used for transmission for a single serving cell (i.e. associated to a single DL). This excludes simultaneous transmission on 2 PUSCH within a single slot but does not restrict switching between the two PUSCH based on L1 /MAC/RRC signalling options. 

2
RAN2 consider that it is up to RAN1 to decide where PUCCH is transmitted

3
Option 2 is clarified to " RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, to use both ULs but not schedule them simultaneously based on agreement 1 above"

4
Final decision to use MAC CE signalling would be a RAN2 decision.

5
Final decision to use L1 signalling would be a RAN1 decision.

6 
There is no RAN2 motivation to adopt DCI signalling.

In this paper, we will discuss the impaction of SUL operation on the specification from RAN2 point of view, including RACH procedure and UE capability definition for the SUL operation, and provide our views accordingly.
2 Discussion

2.1 The impaction on RACH procedure
In RAN1#90 meeting, RAN1 agreed the RACH configuration as:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2  
There will be RACH configuration for SUL in RMSI according to the RAN1 agreements. However, the question is how to deal with the SUL RACH configuration and NR UL RACH configuration in SIB1. There are 2 options:
Option 1: the SUL RACH configuration and NR UL RACH configuration are separately configured in RMSI.

Option 2: define a common RACH configuration for the SUL and NR UL as much as possible and the different part is identified by the UL carrier index.

For the option 1, it is simple but it will increase the size of RMSI. For the option 2, the size of SIB1 will be reduced compared with option 1, but RAN 2 need to identify the common parameters of the RACH configuration.
Proposal 1: Considering the size of SIB1, RAN2 is kindly to support option 2, with discussing and identifying the common parameters of the RACH configuration for SUL and NR UL.

Currently, the RACH procedure is defined based on cell level including one DL carrier and one UL carrier, but 2 ULs for the SUL operation. For RACH procedure, the MSG1 will be send on SUL or NR UL, but the RAR will be send via the same DL carrier. So there is confusion for the RAR and corresponding MSG 1 if the RA-RNTI calculated in the SUL and NR UL is the same and the selected preamble index is the same too. There are 4 solutions to solve the issue.
Solution 1: the preamble index range (0... e.g. 63) is divided into 2 ranges, one is used in SUL and another is used in NR UL.

For solution 1, the range of the preamble index used for the SUL carrier can be indicated in the RMSI. And the left part of the range (0… e.g. 63) is sued for the NR UL. The only specification is the preamble index range indication for the SUL in RMSI. So it is easy to implement.
The 64 preambles are for one cell currently. The SUL operation is also one cell even though there are 2 UL carriers. The UE in the SUL operation cell will select one UL carrier to perform the RACH procedure based on the RSRP. So the number of the preambles for the SUL operation cell is still 64 and no reduction on the RACH capacity for solution 1.
Even if the RA-RNTI from SUL and NR UL may be the same, but the RAPID from SUL and NU UL is different. So there is no confusion any more.
Solution 2: the network ensures the RA-RNTIs of the PRACH resource configuration for SUL and NR UL are different.
For the same arguments with solution 1, the solution 2 is also no reduction on the RACH capacity and there is no specification impact. The RA-RNTI collision check is needed for the network configuration.
The RA-RNTI from SUL and NR UL is different, even if the RAPID from SUL and NU UL is same. So there is also no confusion any more.
Solution 3: the UL carrier index is included in the RAR.
The detailed the format of the RAR MAC PDU is not clear now for NR. But we think it will look like that of LTE. We can discuss it based on the LTE RAR header and RAR definition as indicated in annex. There are 3 options to put the UL carrier index in the RAR.

· Option 1: put the UL carrier index in the RAR sub header;

· Option 2: put the UL carrier index in the RAR MAC PDU header;

· Option 3: put the UL carrier index in the RAR;
For option 1, there is no reserved bit in the RAR sub header now, therefore, it may be quite difficult to include the UL carrier index in the RAR sub header.

For option 2, there are two reserved bits and it can support to extend the number of SUL to 3. But in this case, the RAR for preamble transmission on the SUL and NR UL can never be multiplexed in the same RAR MAC PDU because it is the RAR MAC PDU header. So it will waste the PDCCH resource.

For option 3, there is only one reserved bit to use and it cannot support the extension of the number of SULs.

Solution 4: the RA-RNTI calculation takes the UL carrier index into account.

In RAN2#99bis meeting, RAN2 agreed that “At least time and frequency is used in the RA-RNTI formula”. In LTE, the formula takes the time and frequency into account and it is “RA-RNTI= 1 + t_id+10*f_id”. For SUL operation, the UL carrier index can be used in the RA-RNTI formula in order to differentiate the RAR for preamble transmission on the SUL and NR UL. However, in this case, the RAR for preamble transmission on the SUL and NR UL can never be multiplexed in the same RAR MAC PDU, E.g. if there is one RACH attempt on the SUL carrier and one RACH attempt in the NR UL carrier now, there will be two RAR MAC PDUs need to be scheduled in the DL carrier for the two RACH procedure on SUL and NR UL respectively. The formula takes the UL carrier index into account is not common considering the non-SUL case, it increase the complexity of the implementation.
Compared the four solutions, we summarized in the below table.
	
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	Pro.
	· Simple;

· A little specification impact.

· It is easy to extend to support more SULs.
	· Simple;

· No specification impact.
· It is easy to extend to support more SULs.
	- support RAR multiplexing for SUL and NR UL.
	- It is easy to extend to support more SULs.

	Con.
	-
	- Need extra work for network configuration to check the confusion.
- The PDCCH/PDSCH will be wasted due to no RAR multiplexing for SUL and NR UL any more.
	- The header of the RAR or the RAR need to change based on LTE.
- It is not easy to extend to support more SULs.
	- The formula of the RA-RNTI calculation needs to change based on LTE.
- The PDCCH/PDSCH will be wasted due to no RAR multiplexing for SUL and NR UL any more.

- increase the complexity of the implementation


Proposal 2: Considering to solve the problem in the simplest way, the solution 1 is proposed, namely, the preamble index range (0...63) is divided into 2 range, one is used in SUL and another is used in NR UL.
2.2 UE capability for SUL operation support
In RAN1#89 meeting, RAN1 agreed that the SUL frequency can be a frequency shared with LTE UL. So the SUL operation may be a co-existence scenario between SUL and LTE UL.
· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence
· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion
The SUL operation is coverage enhancement for NR network, not an essential feature for 5G. The UE capability for SUL operation should be defined. According to the RAN1 agreements, the SUL may be a separate carrier or shared with LTE UL. So the UE capability for SUL operation can be defined for SA and NAS respectively.

Proposal 3: The UE capability for SUL operation is defined for the SA and NSA respectively.

To support the SUL operation, the UE should support the band combination of band for SUL frequency and the band for NR frequency. The UE operates in the band combination at the same time, it may exist UE internal interference problem, e.g. IMD issue. So the SUL operation can be defined per UE capability or per BC capability. We propose to support the per BC SUL operation capability for the flexibility of implementation.
Proposal 4: The UE capability for SUL operation is defined per BC level.

3 Conclusions:

In this contribution, we discuss the impaction of SUL operation on the specification from RAN2 point of view, e.g. RACH procedure and UE capability definition for the SUL operation:
Proposal 1: RAN2 is kindly asked to discuss and identify the common parameters of the RACH configuration for SUL and NR UL.

Proposal 2: the solution 1 is proposed, namely, the preamble index range (0...63) is divided into 2 range, one is used in SUL and another is used in NR UL.
Proposal 3: The UE capability for SUL operation is defined for the SA and NSA respectively.

Proposal 4: The UE capability for SUL operation is defined as per BC level.
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Figure 6.1.5-1: E/T/RAPID MAC subheader
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Figure 6.1.5-2: E/T/R/R/BI MAC subheader
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Figure 6.1.5-3: MAC RAR
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Figure 6.1.5-4: Example of MAC PDU consisting of a MAC header and MAC RARs


3/5


_1272307239.vsd
BI


E


R


Oct 1


R


T



_1286977267.vsd
MAC RAR 1


...


E/T/R/R/BI subheader 


MAC header


MAC payload


...


MAC RAR 2


MAC RAR n


E/T/RAPID subheader 2


E/T/RAPID subheader n


E/T/RAPID subheader 1


Padding (opt)



_1570890363.vsd
Supplementary Uplink Frequency (SUL)



_1283502746.vsd
Timing Advance Command


UL Grant


UL Grant


Oct 1


Timing Advance Command


Temporary C-RNTI


Temporary C-RNTI


UL Grant


Oct 2


Oct 3


Oct 4


Oct 5


Oct 6


R



_1267809242.vsd
RAPID


E


T


Oct 1



