
3GPP TSG RAN WG1 Meeting 90bis
 R1-1717901 
Prague, Czech Republic, 9 – 13 Oct. 2017
Agenda Item:
7.1.6
Source:
Huawei, HiSilicon

Title:
Remaining issues on the PRACH for SUL
Document for:
Discussion and decision

1 Introduction

During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier [1]:
	-
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];

-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR

-
No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


In RAN1#89 [2], there were some conclusions on supplementary UL frequency (SUL) for access /transmission and sharing with LTE, as follows:
	Agreements:

· Specify mechanisms for supporting supplementary Uplink frequency 

· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective

· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 

· Note: The SUL frequency can be a frequency shared with LTE UL (at least for the case when NR spectrum is below 6 Ghz).

· Minimize impact to NR physical layer design to enable this co-existence

· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion

· Sent LS accommodating above agreement to RAN2 and RAN4 – Xiaodong (CMCC)

Agreements:
· For NR standalone operation for a UE, 
· NR supports that the UE is allowed to transmit on UL carriers on different frequency ranges but the UE has the capability to only transmit on one of the carriers at a given time in the following case:

· case of SRS carrier switching with at least one of the frequency ranges agreed for LTE-NR UL sharing by RAN4 (e.g. refer to R4-1704411)


In RAN1#90 meeting [3], the following conclusions on random access mechanisms for SUL were made. 
	Agreements:

· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2 
Agreements:

· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.
Agreements:
· NR supports the total maximum number of transmissions, M (like LTE), per carrier to indicate Random Access problem
· M is NW configurable parameter


In RAN1#AH3 meeting [4], the following conclusions on SUL were made.

And there was also an agreement on RSRP threshold for initial access.

	Agreements:

· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP 


According to above agreements, for the case when UE initiate PRACH from NR unpaired UL carrier is still not discussed in detail. And some more modifications on RACH procedures need to be specified compared to that without SUL. In this contribution, we mainly focus on discussing the PRACH issue for SUL and the corresponding solutions are discussed. 
2 Discussion
In RAN1#90, it was agreed that there is an initial active DL/UL BWP pair for a UE during initial access. For the initial active DL BWP, at least the CORSET for RMSI, NR-PDSCH carrying RMSI, paging, OSI, Msg2 and Msg4 should be transmitted within the DL BWP. For the frequency location of the initial active DL BWP, it can be derived from the bandwidth and the SS block, e.g. center frequency of the initial active DL BWP and SS block are aligned. With the introduction of initial access from SUL shared with LTE, the SUL should have one initial UL BWP, and the UL BWP is associated with one DL BWP. For NR UE in the a cell with carrier of unpaired spectrum and SUL carrier could have more than one available UL carriers for initial access, meaning that one initial DL BWP can be associated with initial UL BWP belonged to SUL and NR UL, as shown in Figure 1. At least for one initial UL BWP belonged to SUL should be informed by RMSI of the paired initial DL BWP belonged to NR DL.
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Figure 1 NR DL carrier with both NR UL on unpaired carrier and UL shared carrier (SUL) available
Proposal 1: Each SUL has one initial UL BWP which is associated with one initial DL BWP, and the initial UL BWP on SUL should be informed by RMSI of the associated initial DL BWP.

In the uplink sharing scenario, the frequency gap between NR downlink and SUL will impact the accuracy of the pathloss estimation. Based on the UMi pathloss models and O2I building penetration loss in TS 38.901, the following table shows the difference of coupling loss which includes pathloss and penetration loss for UL sharing scenario. Detailed calculation is in our companion contribution [5]. 
Table 1. Coupling loss difference different antenna configurations.
	
	4GHz - 700MHz
	30GHz - 700MHz
	70GHz - 700MHz

	Pathloss difference 
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 (dB)
	16.3
	35.3
	43.2

	Penetration loss difference 
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 (dB)
	10.2
	20.8
	32.8

	Antenna gain difference 
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 (dB)
	3
	20
	26

	Total coupling loss difference
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 (dB)
	23.5
	36.1
	50.0

	Note: The antenna gain difference is calculated based on the assumption that UE is with the maximum antenna gain.


In above table, it can be observed that the maximum coupling loss difference comes from the case of 70GHz-700MHz. For this case, the 50 dB coupling loss difference is calculated based on the assumption that UE can be with the maximum antenna gain. While for the UE is not with the maximum antenna gain, the antenna gain difference would be decreases. And for the extreme case that the antenna gain difference degrades to 0 dB, the coupling loss difference reaches 76 dB. Namely, the maximum coupling loss difference between NR unpaired carrier and SUL would be within the range from 50 dB to 76 dB.
Proposal 2: The range of received target power for PRACH power control shall be sufficiently large to compensate 76 dB coupling loss difference between SUL and the NR unpaired carrier.
2.1 Initial UL carrier selection for preamble transmission
In RAN1#90 meeting, the following agreements were achieved.

	Agreements:

· For NR UE initial access based on RACH configuration for an SUL carrier 
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold


By configuring a proper RSRP threshold, gNB can flexibly accomplish effective load balancing between SUL and NR DL carrier. In particular, when the cell associated with a certain gNB is with low traffic, it is beneficial for the gNB to let more UEs perform initial access on the SUL, thus improving the successful probability for initial access. When gNB detects that the PRACH resource on the SUL are mostly occupied, the gNB can configure the RSRP threshold to be the lowest quantized values to avoid other UEs to perform access on the SUL or the probability of collision for initial access would be highly increased, which would negatively affect the performance of initial access. In addition, gNB is likely to use an integer variable to quantize the RSRP and RSRP threshold, and narrowing down the range of RSRP threshold would hardly reduce the signalling overhead. Namely, no benefit can be foreseen for reducing the range of RSRP threshold. 
Moreover, it is also necessary to support the case that all UEs can perform initial access on the SUL to maintain a high successful probability for initial access. To achieve this goal, the following options can be considered:
· Option 1: Introduce a separate field in RMSI to inform UEs to perform initial access on SUL.
· Option 2: The gNB configures the RSRP threshold with an extremely large value, and such value should be always larger than the DL RSRP measured by all UEs. 
· Option 3: The RSRP threshold contains a special value, e.g. “Infinity”, and when a UE determines the RSRP threshold to be “Infinity”, it would select the SUL for initial access accordingly.
Comparing above 3 options, option 3 is preferred because option 1 needs to introduce a new field in RMSI which would increase the signalling overhead. As for option 2, since the maximum UE measured DL RSRP may be different for different scenarios and/or frequencies, thus it is not easy to determine such large value. 
Proposal 3: The range of RSRP threshold for UL carrier selection should not be smaller than the UE reported RSRP range, and the range of RSRP threshold should contain a special value to achieve that all UEs would perform initial access on the SUL.
2.2 UL carrier indication for non-contention based RACH procedure

RAN1#90 meeting also agreed to support the network to be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition, and now for the connected-mode UE there are more than 1 UL carriers available. The network should indicate the UE which carrier is selected to transmit the preamble. One of the solutions to indicate the UL carrier is that each UL carrier is configured with a separate set of RACH resource, the network indicates the non-contention based preamble transmission carrier in the DCI carrying the UL carrier index explicitly. And such UL carrier index indicator can be also used to trigger the UE to start transmit preamble, which can be regarded as dynamic triggering. And it has already agreed that RACH configuration for the SUL carrier is broadcasted separately in RMSI, it is straightforward to use the UL carrier index for the connected-mode RACH UL carrier indication. 
Proposal 4: For connected-mode UEs, a UL carrier index is indicated in the DCI to trigger non-contention based RACH procedure. 
2.3 Random access response issue

In LTE system, a UE identifies its own RAR according to the preamble Id in the RAR and the RA-RNTI which is corresponding to the index of used time-frequency resource for preamble transmission. When it comes to the scenario that NR UEs are configured with multiple UL carrier frequencies, UEs would be configured with multiple PRACH resources on both unpaired UL and SUL carrier frequencies. In this case, one UE which transmits preamble on unpaired UL carrier frequency and another UE that transmits preamble on a SUL carrier frequency may have the same RA-RNTI when reusing similar method as that in legacy LTE. Particularly, when a UE transmits preamble on the NR unpaired carrier and then receives RAR scrambled with a desired RA-RNTI, it is noted that such RAR may be associated with another UE which transmits preamble on the SUL. Namely, there would result in misunderstanding for the UE to receive RAR, and the transmission of Msg3 would be failed. 

In order to avoid the misunderstanding for RAR reception, the following two options can be considered. 
· Option 1: Explicitly indicate carrier frequency in RAR/RAR grant. In particular, a field for carrier frequency indication can be added in RAR grant. While the RA-RNTI is determined according to legacy method.

· Option 2: Implicitly indicate carrier frequency by RA-RNTI. In this way, RA-RNTI should be related to the carrier frequency used for UE transmitting preamble. Thus, a carrier frequency index needs to be introduced in the calculation of RA-RNTI. And this approach is similar with what has been done in LTE NB-IoT. In particular, the RA-RNTI can be jointly determined by the time, frequency and carrier index of the PRACH resource used for preamble transmission. An example can be as follows.
RA-RNTI = 1+t_id+n1*f_id+n2*UL_carrier_id

The carrier_id is referred to the mentioned carrier index, and n1 and n2 are integers which can be determined according to the maximum number of available PRACH resources in the same time resource.

Note that for both options, it is necessary to number each available carrier with a carrier frequency-specific index and make UEs informed. And signaling the corresponding index of each available carrier frequency to UEs via SUL configuration in RMSI seems to be a straightforward approach. Comparing the two options for dealing with the RAR misunderstanding issue, Option 2 is preferred since it would not increase the signalling overhead while extra field would be added in RAR grant in Option 1.
Proposal 5: When more than one UL carriers are available, each UL carrier should be explicitly indexed in RMSI; The UL carrier index shall be taken into account for RA-RNTI calculation.
3 Conclusion

In this contribution, detailed issues on PRACH were identified for SUL and possible solutions were provided. The following proposals are given:
Proposal 1: Each SUL has one initial UL BWP which is associated with one initial DL BWP, and the initial UL BWP on SUL should be informed by RMSI of the associated initial DL BWP.

Proposal 2: The range of received target power for PRACH power control shall be sufficiently large to compensate 76 dB coupling loss difference between SUL and the NR unpaired carrier.
Proposal 3: The range of RSRP threshold for UL carrier selection should not be smaller than the UE reported RSRP range, and the range of RSRP threshold should contain a special value to achieve that all UEs would perform initial access on the SUL.
Proposal 4: For connected-mode UEs, a UL carrier index is indicated in the DCI to trigger non-contention based RACH procedure.
Proposal 5: When more than one UL carriers are available, each UL carrier should be explicitly indexed in RMSI; The UL carrier index shall be taken into account for RA-RNTI calculation.
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Agreement:


For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier


Received target power for PRACH power control,


Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control


FFS maximum pathloss difference to be compensated


Agreement:


Working Assumption that, an UL carrier can use a subcarrier spacing smaller than the subcarrier spacing of the associated DL carrier, in the following cases:


The carriers are in different PUCCH groups, or


The UL carrier is operating in a SUL band combination as defined in RAN4 specifications


Can be revisited if technical problems (e.g. with scheduling and CSI feedback) are identified and cannot be resolved by RAN1#91. 


Minimizing specification impact should be the primary consideration in finalising the solution, unless major performance differences exist. 


An UL carrier can carry UCI for the DL carrier that it supplements


An UL carrier is scheduled from the DL carrier that it supplements


For further discussion 


whether SUL has the same cell ID as the associated DL 


whether SUL can be PCell and/or SCell


whether all UEs support PUSCH on a different carrier from the SUL carrying UCI


which combinations of DL/UL SCSs are supported
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