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1   Introduction
In RAN#75 Rel-15 NR work item will start. The new frame structure, coding scheme, duplexing schemes, LTE-NR co-existence/DC mechanism, and network architecture will be designed. From RAN4 perspective, the new bands or band combinations will be specified to support those new technologies. 
In RAN4 NR AH#1-2017 and RAN4#82 meeting, a number of way forwards were agreed for those spectrum specification [1~3]. In [1], 14 frequency ranges and 53 frequency range combinations of LTE and NR were recommended for Rel-15 NR. In [2, 3] the new band concept which fit the LTE-NR co-existence with uplink sharing and a new band structure which aims at simplifying the spectrum work were captured.
In order to facilitate the spectrum work, we would like to discuss the 5G spectrum workplan in Rel-15 in this contribution. And we mainly focus on the new band concept for LTE-NR co-existence and the new band structure which can be applied to the whole NR spectrum work in 3GPP.
2   “Band” for LTE-NR co-existence with uplink sharing
2.1   Clarification of new “Band” concept
In Figure 1 we show the traditional FDD band concept and the new “Band” concept for LTE-NR co-existence with uplink sharing. 
In the traditional FDD band concept as shown in Figure 1(a), one uplink frequency block plus one downlink block makes up a band. Under such a band concept, the uplink CC and its paired downlink CC should belong to the same band for the transmission in a single carrier mode, as a CA PCell, or as a DC PCell/PSCell.
But for the LTE-NR co-existence with uplink sharing, the uplink CC belongs to one traditional band, while the paired downlink CC belongs to another traditional band, which is shown in Figure 1(b). In other words, one main difference of new “band” from the traditional FDD band definition is that the uplink-downlink pairing is across the separate bands rather than within a traditional band. 
The other difference is that we can pair a FDD uplink with a TDD band including uplink and downlink transmission resources. By using such paring, after UE accesses the NR network, UE will see two alternative uplink resources: one is the TDD uplink and the other is the low frequency FDD uplink resource. UE can choose one of them for uplink transmission depending on the channel quality. From the BS perspective, a FDD uplink frequency block can be assigned to both LTE and NR UEs. 
Some example new “bands” are provided as follows:

· 1.8GHz-UL + 3.5GHz TDD band

· 800MHz-UL + 3.5GHz TDD band

· 900MHz-UL + 3.5GHz TDD band

· 2.6GHz-UL + 3.5GHz TDD band
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Figure 1: Traditional band concept and new “band” concept which fits LTE-NR co-existence with uplink sharing

So, because of the above differences from the traditional band concept, we think that it is better to make it clear to 3GPP what kind of new “bands” should be specified for LTE-NR uplink sharing, although in [2] RAN4 has agreed that the requirements for LTE-NR co-existence with uplink sharing should be specified in Rel-15 NR WI, and in [1] RAN4 reached the agreements on the recommended frequency ranges for the NR band and band combinations.
· Observation 1: The uplink-downlink pairing for LTE-NR co-existence with uplink sharing is different from the traditional band concept, where

· The uplink and downlink can be paired across traditional bands;

· One FDD uplink frequency block can be paired with a TDD band 
2.2   Benefit
There are three outstanding benefits of the uplink-downlink pair across the traditional bands:

· Improve the uplink coverage by pairing a high frequency downlink with a low frequency uplink;
· Make full use of the most valuable FDD uplink spectrum, which would not be fully utilized by LTE;
· Make SDL band standalone more valuable for NR by pairing a SDL band with an uplink frequency block.
In this section, we would like to elaborate more on the benefits of new “band” concept as well as LTE-NR co-existence with uplink sharing.
2.2.1   Better uplink coverage for LTE-NR co-site scenario
For the NR deployment, one of most important deployment scenarios in our mind is the LTE/NR co-site scenario, where NR eNB-s will reuse the same sites as for LTE. That is a cost-effective way for deployment. But the biggest challenge is the coverage especially the uplink coverage, because 1st wave NR will be rolled out in 3.5GHz and even higher frequencies.
We take the 1.8GHz LTE and 3.5GHz NR co-site deployment for an example to investigate the uplink coverage issue.

Coverage limited by uplink data channel
In Figure 2, we compare the budget between 1.8GHz LTE and 3.5GHz NR. In that example scenario, eNB has 2Tx and 2Rx at 1.8GHz and 64Tx and 64Rx at 3.5GHz, and UE has 1Tx and 4Rx at both 1.8GHz and 3.5GHz. The 1.8GHz LTE and 3.5GHz NR deployments share the same site.

For the standalone NR with uplink sharing, the coverage gap between uplink data channel and downlink data channel is around 12dB in order to meet the requirements of 1Mpbs data rate at downlink and 128Kbps at uplink. The 3.5GHz uplink coverage is relatively poor. But the 3.5GHz NR downlink has quite a similar coverage as 1.8GHz LTE uplink (which is used for network planning).
The reasons behind are two-fold: firstly UE total power is limited, and secondly the available TDD uplink resource is limited per carrier. Because of the uplink and downlink traffic asymmetry, the more downlink subframes would be configured than the uplink in the practical network. With the restricted uplink resources, the required SNR would be relatively higher for uplink to meet a certain data rate. That causes the worse uplink coverage.
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Figure 2: Link budget comparison of 1.8GHz LTE and 3.5GHz NR

Under the above scenario, 3.5GHz band itself could not support NR standalone service if the 1.8GHz LTE sites were reused. But it could be possible to get almost the seamless coverage by reusing 1.8GHz LTE site and pairing 3.5GHz downlink with 1.8GHz uplink for the NR. Here the pair of 1.8GHz-UL and 3.5GHz is used as the standalone NR.
Coverage limited by uplink control channel
Furthermore, as discussed in RAN1 NR SI, the self-contained subframe structure and URLLC including mini-slot design would be attractive features for NR. On one hand, we observe much more frequent uplink feedback like ACK/NACK needed for those features. On the other hand, we see the proposals for self-contained subframe structure, e.g., (DL:GP:UL) is like 12:1:1 or 10:2:2 (although there is no final agreement), where the less uplink subframes are available than downlink in order to fit the asymmetric uplink-downlink traffic.
A big number of ACK/NACK bits will be squeezed into a limited number of uplink symbols. The performance degradation for uplink UCI can be expected.
And even without combining with self-contained subframe structure, URLLC with static uplink-downlink configuration would also face the same issue.
To address that uplink coverage issue, the low frequency uplink block, e.g., 1.8GHz-UL, can be used to transmit ACK/NACK for 3.5GHz downlink. For example, if (DL:GP:UL)=12:1:1 self-contained configuration was configured in 3.5GHz carrier, 12 uplink symbol would be available for 3.5GHz uplink transmission. In that way, the uplink coverage could be enhanced.
· Observation 2: The better uplink coverage can be achieved by using the uplink sharing.
2.2.2   Better spectrum utilization
The current MBB downlink and uplink traffics are significantly asymmetric. According to our statistics in real network, the downlink traffic load is 8~10 times heavier than the uplink. For the video service, the ratio of downlink and uplink traffic load is increasing to 95:5. And we think that gap would become even larger in the future. 
We see the big waste of golden frequency resources like 1.8GHz, and at the same time we see the big potential opportunity and possibility for sharing the low uplink frequency between LTE and NR. 
On the other hand, after offloading uplink to low frequency, 3.5GHz can carry more downlink traffic. With more available downlink resource, the downlink user experience can also be improved. 
In that way, the pair of 1.8GHz-UL + 3.5GHz works more like a FDD band. But in 3.5GHz SRS is expected to be transmitted to harvest the massive MIMO gain by using the channel reciprocity (although more specification work is needed in both RAN1 and RAN4 to ensure an efficient uplink transmission scheme), and for some near UE 3.5GHz uplink could also be used for UCI.
· Observation 3: The better spectrum utilization in either LTE FDD uplink or NR TDD downlink could be observed.
2.2.3   More valuable SDL band
In the LTE specification, a number of SDL bands are specified as downlink only due to the limitation of regulation. Among them L-band is the most outstanding, which was recommended by ITU as a 5G band candidate.
One approach to utilize SDL band is to aggregate it to the CC in another band as a SCell. In that way, UE is required to support CA, and the SDL band could not be used in the standalone mode or as a PCell.
If paired with a low frequency uplink block, the SDL band can be used as a FDD band, which would increase the value of such band. And as mentioned above, the low frequency uplink block of a LTE band would not be fully utilized, which provides the possibility of the across-band pairing.
· Observation 4: Make SDL band more valuable by pairing it with a low frequency FDD uplink block.
2.3   Impact on Implementation and specifications: standalone and DC
As agreed in RAN1, both standalone NR and dual connectivity for LTE and NR will be considered for LTE-NR co-existence with uplink sharing. In the following, we would like to analyze the impact of new “band” concept for uplink sharing on the implementation and specifications.
Standalone
In order to support standalone NR with uplink sharing, UE needs support an across-band uplink-downlink pairing, e.g., 1.8GHz-UL+3.5GHz. UE needs support the NR transmission and reception in 3.5GHz, and the NR transmission in 1.8GHz. It does not necessarily support any reception in 1.8GHz. And eNB needs support 3.5GHz NR transmission and reception, and the NR reception in 1.8GHz.
In addition to 3.5GHz RF transmission and reception requirements, the new 1.8GHz NR transmission requirements and the 3.5GHz NR reception requirements with 1.8GHz NR transmission should be specified. For BS, the additional 1.8GHz NR reception requirements should be specified.
Dual connectivity
The LTE-NR dual connectivity with uplink sharing is different from the traditional dual connectivity. For the traditional dual connectivity, the uplinks of PCell and PSCell are transmitted on the separate bands, while the uplink transmissions for dual connectivity with uplink sharing are on the same band.
Let us take the band combination of 1.8GHz and 3.5GHz for an example. The traditional DC can be viewed as: 

LTE 1.8GHz (UL/DL) + NR 3.5GHz (UL/DL),

while the DC with uplink sharing can be denoted as 

LTE 1.8GHz (UL/DL) + {NR 1.8GHz-UL + 3.5GHz (UL/DL)}
where NR 1.8GHz-UL+3.5GHz (UL/DL) is a single “band”.
In our view, if UE was able to support an LTE-NR DC band combination, the RF channel and baseband hardware would be ready for such UE to support LTE-NR DC with uplink sharing on the same band combination. Firstly, the UE RF architecture would be similar for both of them and the NR transmit baseband hardware could be shared between 1.8GHz and 3.5GHz.
And in [1] the frequency ranges of 1710-1785MHz/1805-1880MHz (Band 3) and 3.3-4.2 GHz were captured for defining NR bands in Rel-15 NR WI, and the frequency combination of Band 3 (LTE) and 3.3-4.2GHz was also captured for LTE-NR band combination in Rel-15 NR WI. 
If UE was able to support NR on Band 3 (1.8GHz) and 3.3-4.2GHz and DC on Band3 and 3.3-4.2GHz, it would have no difficulty to support DC with uplink sharing.
For the DC with uplink sharing capable UE, the requirements for transmission of NR and LTE on 1.8GHz carrier should be specified. And the reception requirements in both 1.8GHz LTE and 3.5GHz NR with uplink transmission of NR and LTE on 1.8GHz should be specified. For the eNB, the requirements of receiver for 1.8GHz LTE plus 3.5GHz NR should be specified.
2.4   Comparison to traditional DC

Compared to the traditional DC, the DC with uplink sharing provides the possibility to improve the uplink coverage on the higher frequency band.
By following the traditional DC scheme, the uplink transmission on the higher frequency TDD band would still face the potential issue of lack of resources due to the same reason as pointed out in section 2.2.1, and then worse coverage. Considering that LTE FDD uplink resources are not fully utilized, sharing FDD uplink spectrum for both LTE and NR would be a better solution.
In that sense, we think DC with uplink sharing can be viewed as a complement to traditional DC.

· Observation 5: DC with uplink sharing can be viewed as a complement to the traditional DC.
3   Band package
In [4] we introduced the band package concept. One of the key ideas is to decouple the downlink frequency block and the uplink frequency block of a traditional FDD band. And the other is that from Day 1 of NR, the “band” will be defined as a combination of spectrum.
In the section, we would like to elaborate more on it. There are a number of motivations behind it:

· Provide a set of spectrum as a band packages and define the across-band uplink-downlink pairing within it;
· Simplify the specification work for bands and band combinations;
· Allow further optimization of spectrum utilization.
Nowadays, most operators own a set of spectrum rather than one band. The idea of band package is to capture the combination of all the spectra owned by one operator as a band package. In theory, the across-band uplink-downlink pairing can be defined across any two bands. But considering more than 57 bands specified for LTE and more bands will be added for NR, the free pairing will lead to the very complicated specification. So we would like to limit the across-band uplink-downlink pairing within a band package.
Following the CA basket WI approach, actually the number of new RF requirements for various CA configurations cannot be reduced, but the similar work for CA is aggregated in terms of number of X-DL and Y-UL. Similarly, we can consider a number of super set of combinations of spectra which can cover multiple operators’ request. And the RF requirements will be specified per paired uplink-downlink frequency blocks, or per unpaired frequency block, or per combination of pair and/or unpaired frequency blocks. 
The traditional FDD band concept with one uplink to one downlink pairing fits the voice service well, where uplink and downlink have the similar duty cycle. But in the data dominant communication era, more downlink resource would be needed compared to uplink. 
If we can break the restriction of uplink or downlink transmission on the FDD component frequency blocks, we can get more freedom to configure each frequency blocks for uplink, or downlink, or both uplink and downlink. In that way, we can decide how many uplink blocks and downlink blocks should be configured in real network to better match the uplink and downlink traffic model. All the flexible configurations should be specified within a band package. Thus we optimize the spectrum utilization.
In sum, 5G is coming. It is time for 3GPP to re-consider the “band” concept to better fit the asymmetric traffic model and to improve the spectrum utilization.
To provide a framework to realize the above benefits, we propose to introduce the concept of “band-package”, which can be defined as:

· Each band-package includes multiple frequency blocks;

· Each frequency block can be configured as: DL only, UL only or both DL and UL.

One example is provided in Table 1.
Table 1: Band package concept example

	Band package
	UL frequency blocks
	DL frequency blocks
	Mixed UL and DL frequency blocks

	1
	(832-862MHz),
(880-915MHz)
	(1427-1518 MHz)
	

	2
	(703-748MHz),
(832-862MHz),
(880-915MHz);
(1710-1785)
	
	(3.3-4.2 GHz),

(4.4-5 GHz)


4   Proposals and workplan for LTE-NR co-existence “band”
As we mentioned at the very beginning, 14 frequency ranges and 53 frequency range combinations of LTE and NR were recommended for Rel-15 NR in [1]. Companies had the concern on the workload.
But in our understanding, if the low frequency band was recommended as a NR band and the combination of low frequency band and high frequency band was recommended as LTE-NR combination, then the additional specification for LTE-NR co-existence with uplink sharing would be minimal especially for the standalone case. For the DC case with uplink sharing, it seems more work is needed.
As a compromise, we would like to propose a few example “bands” for LTE-NR co-existence with uplink sharing and we can accept to set the completion date for it as June 2018. For the example “bands”, we would like to consider 1.8GHz and 800MHz, because they are widely used for LTE deployment and can provide the good coverage. Combined with them, most of RF components of eNB in 1.8GHz and 800MHz could be reused.
So we propose that

· Proposal 1: Specify the NR requirements for LTE-NR co-existence with uplink sharing in Rel-15 NR WI for the following example NR paired band:
· 800MHz/1.8GHz (UL) + 3.5GHz(DL/UL)
· The band related requirements are expected to be completed by June 2018
· Proposal 2: Have a short study phase on band package in Rel-15 WI.
5   Conclusions
In this contribution, we share our view on the new band concept for supporting LTE-NR co-existence with uplink sharing and discuss the benefits for it. Since the proposed band concept is different from the traditional one, it is better to make it clear to all the companies and put the example “band” into Rel-15 NR WID for specification. Besides, in order to further improve the spectrum utilization, we propose the band package approach for spectrum specifications and we would like to trigger the further discussion for the new band structure for 5G.
Our observations and proposals are summarized below:

· Observation 1: The uplink-downlink pairing for LTE-NR co-existence with uplink sharing is different from the traditional band concept, where

· The uplink and downlink can be paired across traditional bands and one FDD uplink;

· One FDD uplink frequency block can be paired with a TDD band 
· Observation 2: The better uplink coverage can be achieved by using the uplink sharing.

· Observation 3: The better spectrum utilization in either LTE FDD uplink or NR TDD downlink could be observed.

· Observation 4: Make SDL band more valuable by pairing it with a low frequency FDD uplink block.

· Observation 5: DC with uplink sharing can be viewed as a complement to the traditional DC.
· Proposal 1: Specify the NR requirements for LTE-NR co-existence with uplink sharing in Rel-15 NR WI for the following example NR paired band:
· 800MHz/1.8GHz (UL) + 3.5GHz(DL/UL)
· The band requirement specification is expected to be completed by June 2018
· Proposal 2: Have a short study phase on band package in Rel-15 WI.
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