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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the contribution, we provide our views on the remaining issues on supplementary uplink.
2. Discussion
2.1 Random access response
In the scenario where SUL is deployed, multiple PRACH resources are configured on normal and supplementary UL carriers, respectively. Consequently, the UEs transmitting PRACH preambles on different UL carriers may receive the same RAR scrambled by a same RA-RNTI, if the LTE RAR receiving procedure is reused. This would lead to collision between UEs from different UL carriers. This issue is somewhat similar to LTE when RACH on Scell is supported, but differs in the way that only contention free RACH is supported on Scell in LTE thus the collision is avoided. In NR, SUL is supported also for contention based initial access, therefore some solutions would be required. The following options are identified:
· Option-1: Separate subset of preambles is used for PRACH in different UL carriers.
· Option-2: Different RA-RNTIs are used for the RAR reception from different UL carriers.
· Option-3: A SUL CIF is present in the DCI indicating the UL carrier this scheduled RAR addressed.
· Option-4: A single RAR message contains RAR grants from multiple UL carriers, where each RAR grant has a SUL CIF indicating the carrier it addressed.
The idea of option-1 is simple and somewhat similar to the mechanism of contention-free random access. The network broadcast a dedicated subset of PRACH preambles for each UL carrier. As a result, when UE randomly selects a preamble from the subset dedicated for that initial access UL carrier, the UE would never be confused about whether it was being responded by the received preamble in the RAR. From network perspective, if the same UL carrier is used as a SUL shared to multiple cells, after decoding the PRACH, the network cannot distinguish the decoded preamble from one cell to another. This issue can also be resolved by option-1, as long as different subsets of preambles are broadcasted in different cells, respectively. The drawback of option-1 is also obvious that the number of available preambles for each UL carrier is restricted.
Option-2 may require a large number of RA-RNTIs to be reserved, especially considering that the NR preamble time granularity can be as small as OFDM symbol. In the worst case where the SCS is 120 KHz and symbol level PRACH are configured, the total number of RA-RNTI can be up to 14  8 = 112 times of that in LTE. Although the details of RA-RNTI are still under discussion, it is better to avoid further increasing the number of RA-RNTI.
Option-3 can avoid the expansion of RA-RNTI, with the cost of an additional SUL CIF in the scheduling DCI for RAR. The drawback is that after a successful blind decoding of RA-RNTI scrambled DCI, the UE may find that DCI actually not addressed to itself. Consequently, additional blind decoding may be required; therefore, this option is not preferred from UE perspective.
Both option-2 and option-3 require two RAR messages as well as two DCIs. In contrast, option-4 only requires a single set of RAR message and the scheduling DCI. Neither the number of RA-RNTI nor the number of UE blind decoding would increase. In the decoded RAR message, the RAR grant has a SUL CIF indicating the carrier this RAR addressed, thus the collision of UEs from different UL carriers can be resolved. Moreover, from system perspective, option-4 can significantly reduce the signaling overhead, especially the resource occupation of common search space, which is desirable to reduce the control-channel blocking rate. Looking at the pros and cons of each option, option-4 is preferred.
[bookmark: _Ref481592423]Proposal 1: A single RAR message contains RAR grants from multiple UL carriers, where each RAR grant has a SUL CIF indicating the carrier it addressed. 
2.2 UL carrier switching time
It is agreed that the normal UL and SUL carrier can be dynamically switched to transmit PUSCH by [1]. It is proposed in [2] that:
	· For a SUL band combination, all UEs shall support the same RF retuning time for UL transmission switching between the SUL and the TDD carrier.
· For a SUL-capable UE, RAN1 assumes the UE supports zero RF retuning time for transmission switching between the SUL and the TDD carrier for supported band combinations in Rel-15. 
· Note: Non-zero RF retuning time can be considered only if the tradeoff of system performance and UE RF chain implementation for some band combination(s) justifies non-zero RF retuning time.


If two separate RF chains and antenna are equipped for NR normal UL and SUL carriers respectively, zero RF retuning time is possible because one UL can warm up before it is switched on. However, considering that in future more carriers may be defined as SUL band combinations in RAN4, if the normal UL and SUL carrier are adjacent in frequency, it is possible that both carriers share the same antenna. In this case an antenna switch module is needed and latency of, e.g., 3-5um, would be inevitable during UL carrier switching. So at least for zero RF retuning time for SUL, UE capability to fulfil this should be band combination specific.
[bookmark: _Ref498767659]Proposal 2: If zero RF retuning time is required for carrier switching between SUL and NR UL, a band combination specific UE capability is defined.
2.3 PRACH power control for SUL
For SUL, there is a pathloss difference between SUL carrier and non-SUL carrier. The pathloss difference need to be considered when setting the UL transmission power for PRACH. According to the agreements in RAN1 #91, the pathloss difference is up to 76dB, considering the non-SUL carrier is up to 70GHz. There are three options to take the pathloss difference into account.





Option 1: Two separate  included in RMSI. One is for SUL and another one is for non-SUL carrier. means the received preamble power target and it can be set to a bit higher (e.g., X dB) than the Rx sensitivity, assuming the SINR for successfully receiving PRACH is X dB. No matter which frequency the UL carrier is, should be similar. However, according to the agreements in RAN1 #91, the pathloss difference is up to 76dB.  If Option 1 is used, the difference between the two is up to 76dB, and this is not in line with the meaning of . So Option 1 is not preferred.

Option 2: Two separate. One is the pathloss for non-SUL carrier and is calculated by the UE as referenceSignalPower – higher layer filtered RSRP. Another one is the pathloss for SUL carrier and can be calculated by the pathloss for non-SUL carrier plus the pathloss difference. Then the PRACH power can be calculated by

 [dBm],

The pathloss difference together with the  for non-SUL carrier is transmitted by RMSI. This option is quite similar with Option 1 and has not the cons of Option 1.
Option 3: No additional bits in RMSI and the pathloss difference per SUL band combinations is predefined in Spec. UE calculates the pathloss for SUL carrier according to the predefined pathloss difference. The remaining procedures are the same as Option 2.
Proposal 3: One of the following options is chosen for PRACH power control for SUL.
· 

Two separate. One is the pathloss for non-SUL carrier and is calculated by the UE as referenceSignalPower – higher layer filtered RSRP. Another one is the pathloss for SUL carrier and can be calculated by the pathloss for non-SUL carrier plus the pathloss difference. The pathloss difference together with the  for non-SUL carrier is transmitted by RMSI.
· No additional bits in RMSI and the pathloss difference per SUL band combinations is predefined in Spec.
2.4 SP-SRS trigger command
The following is agreed in RAN1 #91 meeting:
	Agreement: 
1-bit non-SUL/SUL indication is included in the non-fallback DCI(s) that can trigger A-SRS and SP-SRS activation/deactivation.


However, in Chapter 6.2.1 of TS 36.214 [5], MAC CE is used to trigger SP-SRS, which is opposed to the above agreements.
	For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter SRS-ResourceConfigType is set to ‘semi-persistent’:
-     when a UE receives an activation command [10, TS 38.321] for SRS resourceset in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be applied no later than the minimum requirement defined in [11, TS 38.133]. 
-     when a UE receives a deactivation command [MAC spec citation, 38.321] for activated SRS resource set in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of SRS transmission corresponding to the deactivated SRS resource set shall apply no later than the minimum requirement defined in [11, TS 38.133]. 
-     if the UE is configured with the higher layer parameter SRS-SpatialRelationInfo set to ‘SSB/PBCH’, the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the SSB/PBCH, if the higher layer parameter SRS-SpatialRelationInfo is set to ‘CSI-RS’, the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the reception of the periodic CSI-RS or of the semi-persistent CSI-RS, if the higher layer parameter SRS-SpatialRelationInfo is set to ‘SRS’, the UE shall transmit the SRS resource with the same spatial domain transmission filter used for the transmission of the periodic SRS or of the semi-persistent SRS.


Proposal 4: revisit the following agreements:
· 1-bit non-SUL/SUL indication is included in the non-fallback DCI(s) that can trigger A-SRS and SP-SRS activation/deactivation.
3 Conclusion
In the contribution, we discuss some remaining issues on supplementary uplink. Based on the discussion, we propose that,
Proposal 1: A single RAR message contains RAR grants from multiple UL carriers, where each RAR grant has a SUL CIF indicating the carrier it addressed.
Proposal 2: If zero RF retuning time is required for carrier switching between SUL and NR UL, a band combination specific UE capability is defined.
Proposal 3: One of the following options is chosen for PRACH power control for SUL.
· 

Two separate. One is the pathloss for non-SUL carrier and is calculated by the UE as referenceSignalPower – higher layer filtered RSRP. Another one is the pathloss for SUL carrier and can be calculated by the pathloss for non-SUL carrier plus the pathloss difference. The pathloss difference together with the  for non-SUL carrier is transmitted by RMSI.
· No additional bits in RMSI and the pathloss difference per SUL band combinations is predefined in Spec.
Proposal 4: revisit the following agreements:
· 1-bit non-SUL/SUL indication is included in the non-fallback DCI(s) that can trigger A-SRS and SP-SRS activation/deactivation
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