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1 Introduction
In addition to spectrum below 6GHz, traditionally used for cellular communications, NR also targets deployment at spectrum above 6GHz, particularly in mmWave spectrum. The bandwidths available at these high frequencies are usually much larger than in traditional cellular communications systems, ranging from tens to hundreds of MHz possibly to beyond 1 GHz. 

At least in early deployments of NR, such large bandwidths are envisioned to be achieved by means of carrier aggregation where several component carriers of tens or hundreds of MHz are aggregated to obtain instantaneous bandwidths of up to 1 GHz. More precisely, these carriers are aggregated within the same band, viz., intra-band carrier aggregation. 

In order to efficiently support intra-band carrier aggregation in NR and also to advance the NR CA design over legacy LTE solutions, the following was agreed at the last RAN1 AH #2 meeting:
	Agreements:
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation

· Carrier without SS block can be configured for some UEs

· Send LS to RAN2/4 to tell above agreement/observation in R1-1711824



This contribution further addresses efficient deployment of NR in intra-band CA deployments. 
2 Uplink scheduling for intra-band CA
Depending on UE implementation, allocated bandwidths for signal/channel transmissions, and spectrum fragmentation support of multiple simultaneous transmissions in the UL may be challenging. This has been the case in traditional spectrum regimes, e.g., simultaneous PUSCH/PUCCH or intra-band CA in LTE and this is even more so true for mmWave spectrum. In particular, support of multiple simultaneous transmissions in the UL, again depending on UE implementation, allocated bandwidths, and spectrum holdings, may require significant power reductions (cf. A-MPR) resulting in deteriorated coverage and performance. Hence, a common conclusion is to not support simultaneous transmissions in the UL.
Bands in mmWave spectrum are commonly unpaired. In addition, at least for intra-band CA deployments, the TDD UL/DL configuration, or more generally, the transmission direction on one component carrier dictates the transmission direction on all other component carriers. At the same time, TDD means that a single CC can be used for both transmission directions by means of a duplexer. In conjunction with the above, this presents several problems: on the one hand, the network cannot decide the transmission direction for each CC independently, i.e., at any given time all CCs are either DL or UL, and when all CCs are in UL direction, a given UE may only be able to use a single CC without degrading the performance. 
It can be argued that while a given UE may not be able to transmit on multiple CCs simultaneously, thereby significantly experiencing degraded throughput, this can be alleviated at the network by multiplexing many users across all available CCs whereby a given UE can only transmit on a single CC. So in a system with 8 CCs of 100MHz each, a single UE may only use 100MHz in the UL but the network can use all 800MHz.
While this is indeed the case, several degrees of optimization can be envisioned. For example, said single CC could be semi-statically configured per UE. In other words, a given UE would receive DL transmissions on all CCs (800MHz in said example) but would semi-statically transmit on a fixed CC (i.e., 100MHz) determined by RRC signaling. 
Alternatively, multiple CCs could be configured for the UL but at any given time, only a single CC can be activated, e.g., by MAC CE or L1 signaling. This would allow the network to dynamically activate CCs without the need for RRC reconfiguration. 

Both methods, unfortunately, present severe shortcomings. That is because in either case the UE can only have a single activated UL carrier. However, that is not the requirement. Rather, it shouldn’t matter how many UL CCs are activated as long as the UE is not required to transmit simultaneously on multiple ones. For example, in case of dynamic L1 activation of CCs, a UE could transmit PUSCH in one slot on one CC and in a different slot on a different CC. But such a slot level switching of CCs seems arbitrary, unmotivated, and tailored towards PUSCH transmissions, particularly ones based on slots. It would be much more desirable to have all CCs activated at all times (per a given configuration) and so schedule transmissions at the UE such that simultaneous ones at any given time are avoided. For example, unlike LTE, NR allows to TDM PUSCH and PUCCH—the very reason UCI on PUSCH was specified in Rel. 8. So a UE could transmit UCI on PUCCH on one CC and data on PUSCH on a different CC, not at the same time but within the same slot. This would equally be useful for SRS transmissions. For example, restricting the UE to a single active UL CC may impose severe restrictions or even performance degradations in the DL operation. If only a single UL CC can transmit SRS, sounding performance of DL CCs without corresponding UL CC will be severely limited. Hence, the network should be allowed to schedule UL transmissions (PUSCH, PUCCH, SRS) on any CC as long as the UE is not expected to transmit these at the same time. Thereby, PUSCH and PUCCH can be multiplexed in time within a slot and all DL CCs can be sounded without restriction. 
Proposal: NR supports multiple active UL CC in intra-band CA without specifying power reductions (A-MPR)

· Some UEs with multiple activated UL CCs are not expected to transmit simultaneously on multiple CCs 

· These UEs can transmit multiple UL transmissions on multiple CCs within the duration of a slot as long as those transmission do not overlap in time
3 Conclusion

This contribution addressed efficient deployment of NR in intra-band CA deployments. The following is proposed:
Proposal: NR supports multiple active UL CC in intra-band CA without specifying power reductions (A-MPR)

· Some UEs with multiple activated UL CCs are not expected to transmit simultaneously on multiple CCs 

· These UEs can transmit multiple UL transmissions on multiple CCs within the duration of a slot as long as those transmission do not overlap in time
