[bookmark: _Toc193024528][bookmark: _GoBack]3GPP TSG-RAN WG4 RAN#84	R4-1707336
Berlin, Germany, August 21st-25th, 2017

[bookmark: Source]Agenda item:	9.3.2
Source: 	Qualcomm Incorporated
Title: 	Wideband and CA Operation for NR
[bookmark: DocumentFor]Document for:	Approval
[bookmark: _Ref462751722]1. 	Introduction
Previous decisions in RAN1 and RAN4 lead to the possibility of mixed wideband and CA operation in the same channel for different UEs. In this paper we discuss this type of operation, and how this relates to previous RAN4 agreements and the channel raster choice.
2. 	Discussion
Previous agreements in RAN1 and RAN4 lead to the possibility of having a mix of wideband operation(a single channel from the gNB perspective is handled as a single channel by the UE) for some UEs and CA operation(a single channel from the gNB perspective is handled as multiple aggregated channels by the UE) for some other UEs. The RAN1/RAN4 agreements related to this are shown below:
RAN1 agreement (R1-1706615):
· Support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
RAN4 agreement (R4-1706321 ):
· Addition of new maximum channel bandwidths is allowed in future releases
· NR design should ensure forward compatibility, send LS to RAN1/2 to inform about this agreement
· Addition of new UE channel bandwdiths that are not larger than previously defined maximum in the band is FFS. 
· UE is allowed to aggregate channel bandwidths to operate within a gNB configurable CHBW that is higher than the maximum bandwidth supported by the UE
· For example, a 400MHz UE that does not support 400MHz channel bandwidth can support 2x200MHz or 4x100MHz even if the gNB could configure 400MHz channel bandwidth
· Each CC bandwidth is from the set of channel bandwidths defined for that band
· UE should indicate to gNB its bandwidth capability and how it supports this bandwidth (e.g. what CA combination)
· Signaling details are FFS
· Which aggregated channel bandwidth combinations are allowed is FFS, BS complexity should be considered
In the last RAN4 meeting a WF with several questions seeking to clarify this mode of operation was agreed [1].
In our understanding, from a RAN1 perspective, this mixed mode of operation is as illustrated in the example in Figure 1 (a set of bandwdiths is used in this example, this could apply to any set of channel bandwdiths), the wideband UEs would treat the entire channel as a 100MHz CC and the CA UEs would each be assigned half of the wideband CC corresponding to their capability. For the initial access, the CA UE would first access the sync channel of the wideband channel, exchange capabilities with the network and then be configured with the CA configuration that it supports. 
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Figure 1. Wideband and CA operation
From a RAN4 perspective, there are a few aspects that need to be clarified. First of all, the tentatively agreed spectral utilization numbers do not scale exactly with the channel bandwidth as was the case in LTE. For example, the number of RBs for the 100MHz channel (273 RBs with 30kHz) is larger than twice the number of RBs for the 50MHz channels (133 RBs for the 50MHz channel). As such, Figure 1 becomes something similar to what is shown in Figure 2 if we consider the actual spectral utilization numbers. It should be noted that this was not the case in LTE where the number of RBs were integer multiples for bandwidths of 5MHz and above (25RBs for 5MHz, 50RBs for 10MHz and 100 RBs for 20MHz). 
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Figure 2. Wideband and CA operation with actual spectral utilization
Considering the above, a basic question is whether both Figure 1 and Figure 2 arrangements should be supported or not. Figure 2 is definitely needed to enable the addition of new channel bandwidths in the future. Support of Figure 1 does not seem possible if the wideband channel is not yet defined (e.g. 200MHz channel in sub6 is not defined) but it would be possible for already defined channel bandwidths (e.g. 400MHz in mmWave is handled as 2x200MHz by some UEs). Consequently, Figure 2 operation should always be supported when the UE supports the corresponding CA combination while Figure 1 operation should be a UE capability. A combination of Figure 2 and Figure 1(e.g. Figure 1 is supported only in DL and Figure 2 is supported in UL) should also be possible. Further details on how these scenarios would be tested need to be clarified.
Observation 1: CA operation based on each CC’s spectral utilization has to be supported. CA operation using the entire wideband channel could be supported based on UE capability.
Another question that needs to be answered is whether in CA operation, the CCs need to be on a valid channel raster entry or only the wider channel is required to be on a valid channel raster entry. We believe that each CC should be on a valid raster entry, otherwise, it is not clear how testing would be performed. With Figure 2 operation, if the CCs are not on valid raster entries, there would be too many deployment options in terms of channel positions to be able to perform RF or performance tests. 
Observation 2: Each CC in CA operation should operate on a valid channel raster entry. 
The condition that each CC has to operate on a valid channel raster entry will impose some restriction depending on the channel raster choice. This aspect is discussed below.
For the RB based raster or the subcarrier based raster proposed in [2] there are no restrictions because the wideband channel and any component carrier deployed within can be RB aligned. Any CC can be deployed anywhere within the wideband channel and it will be on a valid channel raster position.
Observation 3: Any CC can be deployed anywhere within the wideband channel if the RB based raster or subcarrier based raster is used.
For the 100kHz raster, there are restrictions on how the channels can be placed because they have to be RB aligned (ideally) or at least subcarrier grid aligned. The problem is illustrated in Figure 3 and Figure 4 with some concrete examples. 
Figure 3 shows a 200MHz channel(likely to be introduced in a future release in sub6) which is also operated as 2x100MHz (CA combo to be defined in Rel.15). In order to RB align CC1 and CC2, the distance between their channel raster entries has to be a multiple of 1.8MHz(multiple of 100kHz and 360kHz, RB size with 30kHz SCS). The channel raster entries could be chosen as in Figure 2 such that emission requirements are not violated. The wideband channel would have to be deployed on a valid channel raster entry and the distance between its center and the center of CC1 and CC2 also has to be a multiple of 1.8MHz. The options satisfying these conditions are 99.1 and 100.9(relative to the lower edge of the channel). However, these entries are not in the center of the 200MHz channel and would lead to this channel violating the emission requirements because the guardband at one edge would be too narrow. 900kHz (offset from the center) is larger than 2RBs, if the emission requirements are not violated means that the spectral utilization for this channel was not fully optimized in the first place.
Figure 4 shows the same arrangement as in Figure 3, however, CC1 and CC2 are subcarrier grid aligned. In this case, the distance between their channel raster entries has to be a multiple of 300kHz (multiple of 100khz and 30kHz, SCS). The wideband channel raster entry should also be at a distance which is a multiple of 300kHz relative to the centers of CC1 and CC2. The entries satisfying this condition that are closest to the center of the 200MHz channel are 99.8 and 100.1MHz. The offset from the center of the channel is now just 100kHz so the emission requirements will most likely be met, however, the wideband CC is not RB aligned with both CC1 and CC2. This means that there will be a number of subcarriers that cannot be used within the wideband CC. These are depicted with the black box that is close to the center of the channel. Such a design would make the operation of the wideband CC very complicated and would lead to a loss in performance (exact number of unused REs would have to be signaled, wideband channel estimation cannot be performed anymore, baseband processing would be impacted because the number of unused RBs would be arbitrary). It should be noted that this case is similar to LTE intra-band contiguous CA with minimum guardband (300kHz) in which it is not possible to fill the entire gap between CCs.
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Figure 3 Wideband and CA operation with 100kHz raster and RB alignment
200MHz CC
100.1
0
100
200
50
149.9
 CC1
CC2
Multiple of 300kHz
99.8

Figure 4. Wideband and CA operation with 100kHz raster and subcarrier grid alignment
As shown in the previous paragraphs, the 100kHz raster will impose many restrictions on wideband/CA operation and could lead to lower spectral utilization. As such, it is not a viable option at least in bands where wideband/CA operation or addition of new channel bandwidths is expected. 
Observation 4: 100kHz raster will impose many restrictions on wideband/CA operation and could lead to lower spectral utilization.
3. 	Conclusion
In this paper we analyzed some aspects related to wideband/CA operation, forward compatibility of adding new channel bandwidths and channel raster choices. We made the following observations.
Observation 1: CA operation based on each CC’s spectral utilization has to be supported. CA operation using the entire wideband channel could be supported based on UE capability.
Observation 2: Each CC in CA operation should operate on a valid channel raster entry. 
Observation 3: Any CC can be deployed anywhere within the wideband channel if the RB based raster or subcarrier based raster is used.
Observation 4: 100kHz raster will impose many restrictions on wideband/CA operation and could lead to lower spectral utilization.
Based on all the above observations, the channel raster choice that offers the best tradeoffs and flexibility is the subcarrier based channel raster proposed in [2].
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