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1
Introduction
In the January 2017 3GPP RAN1 NR Ad Hoc meeting the following agreements and conclusions were made on LTE-NR uplink sharing scenarios
Agreements:

· LTE-NR co-existence should support the following UL sharing scenarios:

· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE

· Detailed sharing on the UL is FFS 

· Note: this is not intended to have impact on legacy LTE UEs

· LTE DL on a paired frequency F3

· NR DL transmission on frequency F2 (different than LTE DL frequency)

· NR UE operates in either of the following cases based on a common NR design:

· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 

· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2

· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).

· NR DL and UL frequencies (and/or NR band number) are signaled by RRC

· Non-collocated LTE and NR base stations is FFS

Conclusion:

· For LTE-NR coexistence in UL, at least for collocated LTE and NR base stations, study further resource allocation aspects for NR-PUSCH to facilitate handling FDM’ed NR and LTE transmissions 

This contribution adds more detail on how LTE-NR uplink sharing can be facilitated.
2
Discussion
LTE Rel-8 enables a fairly free allocation of size of the PUCCH region within the uplink carrier. One option to create room semi-statically at the edges of the LTE carrier is to over-allocate the PUCCH format 2 resources normally used for periodic CSI and to leave part of the allocated PUCCH format 2 PRBs unused, or blanked, by not allocating them to any UE. This way an arbitrary number of unused PRBs can be created at both edges of the carrier. This is exemplified in Figure 1.
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Figure 1: ‘PUCCH blanking’ can be used to create unused allocations at the sides of the uplink carrier
The blanked PUCCH resources could be used by the NR uplink without any risk of collisions with LTE uplink. In this setup all the uplink sharing can be semi-static based on frequency domain sharing. No dynamic time-domain sharing (e.g. joint scheduling) between the two RATs is needed. The semi-static regions allocated for LTE and NR could be distributed differently, and also the PUSCH region could be shired in frequency domain as long as LTE RACH and SRS are avoided. Examples of semi-static LTE and NR uplink sharing are shown in Figure 2
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Figure 2: Examples of how uplink frequency sharing using ‘PUCCH blanking’ of LTE

If the two uplinks are jointly scheduled, the blanked PUCCH region of LTE could be used for protected NR transmissions, such as NR-PUCCH, NR-RACH. The remaining portion of PRBs between LTE PUCCH regions could be dynamically shared between LTE and NR, either in time or frequency domain. The joint scheduling would be needed to ensure that the LTE and NR PUSCH transmissions don’t collide. SRS transmissions of the two systems and the LTE RACH would need to be protected by scheduling and configuration.
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Figure 3: Example of how semi-statically ‘blanked PUCCH’ could be to divide the LTE PUCCH allocation between non-shared LTE PUCCH and non-shared protected NR transmissions

3
Conclusions
In this contribution two flavours of sharing the FDD-LTE uplink carrier with NR uplink have been outlined. Over-dimensioning the LTE PUCCH allocation can be used to create unoccupied, ‘blank’ PUCCH region at the carrier edges, and this region can be used for protected NR transmissions. This protected area can be used as a semi-statically configured NR allocation for FDMing NR and LTE, or just for protected NR transmissions (e.g. control). The remaining LTE PUSCH portion of the carrier can be dynamically time and frequency shared between LTE and NR.
The following conclusions are made:
1. The Rel-8 LTE PUCCH configuration provides flexible tools for frequency multiplexing NR and LTE
2. The intentionally unused portion of the LTE PUCCH allocation can use for protected NR transmissions, (both control and data)

3. In case of joint uplink scheduling, the LTE PUSCH allocation can be dynamically time and frequency shared between LTE and NR
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Appendix

PUCCH-Config information elements
-- ASN1START

PUCCH-ConfigCommon ::=



SEQUENCE {


deltaPUCCH-Shift




ENUMERATED {ds1, ds2, ds3},


nRB-CQI







INTEGER (0..98),


nCS-AN







INTEGER (0..7),


n1PUCCH-AN






INTEGER (0..2047)

}

	PUCCH-Config field descriptions

	nRB-CQI

Parameter: 
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, see TS 36.211 [21, 5.4].

	nCS-An

Parameter: 
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see TS 36.211 [21, 5.4].

	n1Pucch-AN

Parameter: 
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see TS 36.213 [23, 10.1].



[image: image7.wmf]RB

sc

N


Resource block size in the frequency domain, expressed as a number of subcarriers 
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Resource index for PUCCH formats 1/1a/1b
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Resource index for PUCCH formats 2/2a/2b
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For FDD, the UE shall use PUCCH resource � EMBED Equation.3  ��� for transmission of HARQ-ACK in subframe � EMBED Equation.3  ���, where


for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe � EMBED Equation.3  ���, or for a PDCCH indicating downlink SPS release (defined in section 9.2) in subframe � EMBED Equation.3  ���,  the UE shall use � EMBED Equation.3  ���, where � EMBED Equation.3  ��� is the number of the first CCE used for transmission of the corresponding DCI assignment and � EMBED Equation.3  ��� is configured by higher layers.


for a PDSCH transmission where there is not a corresponding PDCCH detected in subframe � EMBED Equation.3  ���, the value of � EMBED Equation.3  ��� is determined according to higher layer configuration and Table 9.2-2.





The physical resources used for PUCCH depends on two parameters, � EMBED Equation.3  ��� and � EMBED Equation.3  ���, given by higher layers. The variable � EMBED Equation.3  ��� denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats 2/2a/2b transmission in each slot. The variable � EMBED Equation.3  ��� denotes the number of cyclic shift used for PUCCH formats 1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b. The value of � EMBED Equation.3  ��� is an integer multiple of � EMBED Equation.3  ��� within the range of {0, 1, …, 7}, where � EMBED Equation.3  ��� is provided by higher layers. No mixed resource block is present if � EMBED Equation.3  ���. At most one resource block in each slot supports a mix of formats 1/1a/1b and 2/2a/2b. Resources used for transmission of PUCCH format 1/1a/1b and 2/2a/2b are represented by the non-negative indices � EMBED Equation.3  ��� and � EMBED Equation.3  ���, respectively. 
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