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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The framework of supporting supplementary uplink (SUL) in NR has been discussed and the following agreements have been achieved [1]:

	Agreement: 
· UE specific RRC signalling (re-)configures the location of the PUCCH, either on the SUL carrier or on a non-SUL UL carrier in a SUL band combination
· The default location of the PUSCH is the same carrier as used by PUCCH 
· UE specific RRC signalling may (de-)configure that PUSCH may be dynamically scheduled on the other (i.e. non-PUCCH) carrier in the same cell as the SUL 
· In this case, a carrier indicator field in the UL grant is used to indicate dynamically whether the PUSCH is transmitted on the PUCCH carrier or on the other carrier 
· Note: Simultaneous PUSCH transmission on the SUL carrier and non-SUL UL carrier is not supported according to existing RAN2 agreement
· FFS in DCI discussion whether the SUL CIF is always present 
· There is one active BWP on the SUL carrier and one active BWP on the non-SUL UL carrier
· SRS related RRC parameters are independently configured for SRS on the SUL carrier and SRS on the non-SUL UL carrier in the SUL band combination
· SRS can be configured on the SUL carrier and non-SUL UL carrier, irrespective of the carrier configuration for PUSCH and PUCCH




In the contribution, we provide our view on the remaining issues on carrier aggregation as well as supplementary uplink.
2. Remaining issue for SUL
2.1	SUL Scheduling
A carrier indicator field has been agreed for SUL scheduling to dynamically indicate the UL carrier for PUSCH transmission. Nevertheless, it should also be used to trigger aperiodic SRS transmission. On the other hand, it seems nature that SUL CIF is not necessary for normal DL grant, with the possible exception of PDCCH order. SUL CIF should be present in PDCCH order for the sake of network to indicate which UL carrier the UE should preform random access for, e.g. UL resynchronization. It is worth noting that this CIF field should reuse the existing reserved field (e.g. NDI, RV, etc.) instead of introducing a new field (e.g. CA CIF) to preserve the same size with the DL grant.
[bookmark: _Ref494321048]Proposal 1: The SUL CIF is not present in DL grant, and some existing reserved field is reused as SUL CIF for PDCCH order.
One remaining issue is whether SUL CIF is always present. Given that the SUL carrier configuration is broadcasted by network in RMSI, a UE in the cell is already aware of the presence of SUL before it connects to the cell. Thus, one alternative is that UE assumes SUL CIF is present once it acquires SUL configuration from RMSI. In other words, the SUL CIF is configured by RMSI.
In our opinion, although beneficial for improving UL coverage performance and reducing UL transmission delay, the SUL requires significant implementation complexity, therefore should not be a mandatory feature for UE. If the network broadcasts SUL carrier configuration in RMSI, a UE without SUL capability simply ignores this configuration. A SUL capable UE selects a proper UL for initial access according to the RSRP-based UL carrier selection according to the RMSI configuration, but activates the SUL configuration in connected mode only if it is configured by network. 
In this sense, the SUL CIF can be handled in a similar way as the CA CIF. More especially, the SUL CIF may be present in DCI only in UE specific search space if configured by network. By this way, the DCI overhead can be reduced for UE without SUL capability or SUL not been activated by network. Moreover, it is more future-proof if the number of SUL is growing. Such an approach is more preferable.
[bookmark: _Ref494321055]Proposal 2: The SUL CIF presents in UL grant in UE specific search space only if the dynamic switch operation of PUSCH between SUL and normal carrier is configured by network.
Nevertheless, despite multiple UL carriers configured, at any time there is at most one PUSCH transmission. Therefore, same UE specific search space can be used to schedule both UL carriers, i.e. CIF offset similar to CA is not needed for SUL scheduling.
[bookmark: _Ref494321062]Proposal 3: The same UE specific search space is used to schedule both UL carriers, i.e. no blind decoding increase for UL operation compared to the single carrier operation.  
2.2	Fallback operation
On the other hand, a UE shall monitor PDCCH candidates in a common search space always without the SUL CIF. This is also desirable for fallback operation during RRC reconfiguration. The DCI size in UE specific search space that depends on the SUL CIF would be ambiguous during the (re-)configuration of UL or SUL for PUSCH transmission, but the fallback DCI in common search space is constant and ready for scheduling. In that case, there are four options on which UL carrier this fallback DCI is scheduling.
· Option-1: The fallback DCI always schedules the PUSCH on the carrier configured with PUCCH.
· Option-2: The fallback DCI always schedules the PUSCH on the normal (paired or unpaired) UL carrier.
· Option-3: The fallback DCI always schedules the PUSCH on the initial access UL carrier.
· Option-4: The fallback DCI always schedules the PUSCH on the UL carrier indicated in SIB.
Generally speaking, it is expected that the network would select a best UL carrier for PUCCH transmission, therefore this carrier can be the good choice for fallback operation. The problem is that, if the PUCCH itself is reconfigured by the network for load balancing or interference coordination, the ambiguity of the carrier of scheduled PUSCH transmission is still there even for fallback DCI operation. Thus, option-1 can only partially solve this problem.
On the other hand, option-2 is a nature solution that can avoid this ambiguity completely, because the association of the normal UL is known in advance thus no ambiguity of the target carrier for PUSCH transmission. The only problem is that, for those cell-edge UEs that access to the cell via SUL due to limited coverage performance of normal UL, the PUSCH scheduled by fallback DCI may tend to fail due to UL power limited. Nevertheless, the network is anyway aware of this and takes it into account at scheduling. 
Compared with option-2, option-3 can avoid the UL power limited problem in some typical scenarios (e.g. during RRC connection setup for uplink limited UEs), but cannot resolve the issue completely. For example, in the case that a UE accessed to the cell via normal UL moved out of the normal UL coverage, the fallback PUSCH scheduling would still be power limited.
From the system perspective, the network should be aware of UL coverage performance, and is able to figure out the best to UE UL for fallback operation, which in many cases, probably is the SUL. Therefore, it may be beneficial by the network to configure the fallback UL. This configuration can be carried in SIB, in order to reduce the signaling overhead and avoid the ambiguity. The only flaw is the slightly increased complexity in UE. 
[bookmark: _Ref481592417]Proposal 4: The fallback UL DCI in common search space always schedules the UL carrier for initial RACH or UL carrier indicated by SIB. 
The PUCCH transmission during PUCCH (re-)configuration by RRC may also be considered. If there is scheduled PUSCH transmission, it is reasonable to piggyback the UCI with the on-going PUSCH transmission, because the PUSCH transmission has no ambiguity if the abovementioned solution is used. On the other hand, if no PUSCH scheduled, the network anyway be aware of both PUCCH configurations of the UE and is able to blind decode the PUCCH in both candidates. In summary, this issue can be resolved by the gNB scheduler.
Observation 1: The ambiguity of PUCCH transmission during PUCCH (re-)configuration can be resolved by the network implementation.
2.3 Random access response
In the scenario where SUL is deployed, multiple PRACH resource are configured on normal and supplementary UL carriers, respectively. Consequently, the UEs transmitting PRACH preambles on different UL carriers, may result in receiving the same RAR scrambled by a same RA-RNTI, if the LTE RAR receiving procedure is reused. It would lead to collision between UEs from different UL carriers. This issue is somewhat similar to LTE when RACH on Scell was supported, but differ in the way that the only contention free RACH is supported on Scell in LTE thus the collision was 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 are preferred.
[bookmark: _Ref481592423]Proposal 5: A single RAR message contains RAR grants from multiple UL carriers, where each RAR grant has a SUL CIF indicating the carrier it addressed. 
2.4 Group-common PDCCH
Slot Format Indication
As its name implied, the SUL is intended as an uplink-only carrier for improving UL coverage performance and reducing UL transmission delay, it can be assumed as a full UL carrier and thus no SFI is needed. The SFI received in the DL GC-PDCCH only concerns that DL and the associated normal UL. More especially, no SUL CIF is needed for dynamic SFI.
[bookmark: _Ref494661670]Proposal 6: A UE assumes the SUL carrier is a full UL carrier. No SFI indication for a SUL carrier.

Group power control
As more than one UL carrier can be configured for PUSCH transmission, different TPC commands are required for each UL carrier respectively. If group power control is supported similar to LTE, how to transmit multiple TPC commands addressing different UL carriers should be designed. There are two options can be considered:
· Option-1: Different TPC PUSCH RNTIs are used for transmitting TPC for different UL carriers.
· Option-2: The same TPC PUSCH RNTI is used for transmitting PUSCH TPC commands with separate TPC index configured for each UL carriers.
Although both options can work, option-2 is preferred, because it needs only a single RNTI for PUSCH power control regardless of the number of UL carriers configured. As a result, the number of blind decoding of UE for PUSCH TPC can be significantly reduced compared with option-1, which is desirable from UE power saving perspective.
[bookmark: _Ref485165211]Proposal 7: For a normal and SUL carrier, the same TPC PUSCH RNTI is used for transmitting PUSCH TPC commands to a UE with separate TPC index configured for each UL carriers. 
2.5 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 8: If zero RF retuning time is required for carrier switching between SUL and NR UL, a band combination specific UE capability is defined.
3. Remaining issues for carrier aggregation
On cross carrier scheduling
In order to ensure timely completion, it was agreed to prioritize the CA with same numerology across DL and UL carriers within a PUCCH group, while SUL can be considered as an exception. However, even with same numerology, the TTI length, i.e. the slot based or mini-slot based scheduling can be applied on different carriers, even within the same PUCCH group. The slot based or mini-slot based scheduling can be achieved by configuring slot level or mini-slot level PDCCH monitoring periodicity, respectively. In this case, cross-carrier scheduling other carriers with different TTI length would introduce significant complexity compared to the self-carrier scheduling case, e.g. multi-TTI scheduling may be required when a scheduling cell has a longer PDCCH monitoring periodicity than the schedule cell. Given the limited time for Rel-15, it is proposed to focus on the cross carrier scheduling across carriers with same TTI length/PDCCH monitoring periodicity.  
[bookmark: _Ref498762968]Proposal 9: Support cross carrier scheduling with same TTI length/PDCCH monitoring periodicity in Rel-15.

On fast Scell activation
RAN2 has agreed that MAC CE is used for Scell activation/deactivation, similar as that in LTE. There is still discussion in RAN1 whether additional L1 based Scell activation/deactivation scheme should be supported.  The motivation of introduction additional L1 based scheme is to faster the Scell activation procedure from signaling perspective. However, time consumed for Scell activation is not only caused by signaling delay, but also determined by the other components, including RF retuning time, DL synchronization time, etc. Depending on the exact band combination, the time for RF retuning time and synchronization time may become the dominant time of Scell activation; the exact time will be specified in RAN4. Given that such RAN4 RF/RRM requirement has not been conclude for Rel-15, it is not clear how much benefit can be obtained by specifying additionally the L1 based Scell activation scheme. Therefore, it is proposed to revisit the issue after RAN4 RF/RRM requirements regarding Scell activation is concluded. 
[bookmark: _Ref498762977]Proposal 10: The necessity of L1 based Scell activation/deactivation is revisited after RAN4 RF/RRM requirements regarding Scell activation are concluded.
3 Conclusion
In the contribution, we discuss some remaining issues on carrier aggregation as well as supplementary uplink. Based on the discussion, we propose that,
Proposal 1: The SUL CIF is not present in DL grant, and some existing reserved field is reused as SUL CIF for PDCCH order.
Proposal 2: The SUL CIF presents in UL grant in UE specific search space only if the dynamic switch operation of PUSCH between SUL and normal carrier is configured by network.
Proposal 3: The same UE specific search space is used to schedule both UL carriers, i.e. no blind decoding increase for UL operation compared to the single carrier operation. 
Proposal 4: The fallback UL DCI in common search space always schedules the UL carrier for initial RACH or UL carrier indicated by SIB. 
Proposal 5: 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 6: A UE assumes the SUL carrier is a full UL carrier. No SFI indication for a SUL carrier.
Proposal 7: For a normal and SUL carrier, the same TPC PUSCH RNTI is used for transmitting PUSCH TPC commands to a UE with separate TPC index configured for each UL carriers.
Proposal 8: If zero RF retuning time is required for carrier switching between SUL and NR UL, a band combination specific UE capability is defined.
Proposal 9: Support cross carrier scheduling with same TTI length/PDCCH monitoring periodicity in Rel-15.
[bookmark: _GoBack]Proposal 10: The necessity of L1 based Scell activation/deactivation is revisited after RAN4 RF/RRM requirements regarding Scell activation are concluded.
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