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Introduction

 [AT117-e][306][NBIOT R16] Random access on multiCarrier in NB-IoT (CMCC)

      Scope: Discuss issues in R2-2202633 and CRs in R2-2202634 and R2-2202635. Discussion of whether correction is needed, and work on the CRs.

      Intended outcome: Report in R2-2203573, and revised CRs (if needed – Tdocs can be allocated if necessary).

      Deadline: Thursday 24th February 1200 UTC.
      Status: started
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1 Discussion
Deployment scenario:

In contribution [1], Figure 1 shows a typical deployment scenario in NB-IoT real network. Single-carrier cells are deployed to meet coverage requirements for most scenarios, and multi-carriers cells are deployed for concurrent service scenarios to meet capacity expansion requirements. The anchor carriers are deployed with inter frequency to reduce interference among cells, and it’s generally that the non-anchor carriers in one cell are deployed on the same frequency as the anchor carrier in the neighbour cell.
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Figure 1 The deployment in the NB-IoT network
Issue description:

For the downlink, the downlink narrowband reference-signal EPRE (Energy Per Resource Element) of the non-anchor carriers is generally lower relative to the downlink narrowband reference-signal EPRE of the anchor carrier to reduce the interference between the non-anchor carrier and the neighbour cells cells using the same frequency. Due to lower EPRE of non-anchor carrier than EPRE of anchor carrier, shrunken coverage of non-anchor carrier may result to MSG2 failure if npdcch-NumRepetitions-RA-r14 is configured same for anchor carrier and non-anchor carrier. 

For the uplink, the background noise is relatively strong in NB-IoT network, and the non-anchor carriers suffer more uplink interference due to the same frequency neighbor cell with uplink service terminals. This may degrade uplink performance, such as MSG 1 failure on the non-anchor carrier.

In the 116-e, RAN2 have confirmed the scenario is valid and the issue exists[2] as follows:
· RAN2 confirm the following scenario is valid, for standalone deployment: EPRE of non-anchor carrier smaller than EPRE of anchor cell. Non-anchor carrier is deployed on the same frequency with anchor carrier of neighbouring cell.

· RAN2 confirm the following issue exists:

· DL issue: Due to lower EPRE of non-anchor than EPRE of anchor cell, shrunken coverage of non-anchor carrier may results to MSG2 failure.

· UL issue: Non-anchor carrier suffered more UL interference than anchor carrier for the same cell, due to intra-frequency interference from anchor carrier of neighbouring cell. This may degrade uplink performance, e.g., MSG 1 failure on non-anchor carrier.

· postponed
For the DL issue, a higher NPDCCH repetitions (see npdcch-NumRepetitions-RA-r14 in SIB22-NB) can be configured with a higher value for the non-anchor carrier. 

According to the current specification, the UL repetition numbers configured for the anchor carrier also apply to the non-anchor carriers. For the UL issue, increasing the UL repetition numbers configured for the anchor carrier or using smaller RSRP threshold to shrink the coverage of anchor carrier is proposed to solve the stronger uplink interference issue in non-anchor carrier. The solution would also influence the users in anchor carrier.

Q1: Do you agree that the current solutions to address the UL interference in non-anchor carrier, e.g., increasing the UL repetition numbers configured for the anchor carrier or using smaller RSRP threshold to shrink the coverage of anchor carrier, would cause unnecessary UL resources waste for UEs in anchor carrier?
	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	

	Nokia
	Yes
	The uplink interference situation is not static and it depends on the uplink load at different cells at the time of uplink access. So any mechanism which statically changes the coverage level based on RSRP will not be optimum for this scenario.

	MediaTek
	Yes
	However wet think the cost of current solution is not significant.

For increasing the UL repetition numbers for the anchor carrier, as only the resources of Msg1 and Msg2 of random access needs to be increased, the rest of resources for Msg3 and Msg4 of RA, for all the other data transmission and reception in connected mode are dynamically assigned by the network, which should not cause resource waste. 

For shrinking the coverage of anchor carrier, the UEs in coverage area of shrinking will need to use the NPRACH resource of next CE level, the repetition number would be more than they need. Comparing the solution of increasing the UL repetition number, the wasted resource should be less.

	Ericsson
	Yes
	

	Sequans
	Yes
	Agree with MediaTek that current solutions are not so bad

	Qualcomm
	Maybe
	As indicated by other companies, the issue is nearer the cell edge rather than in good coverage. Furthermore, legacy specification is considered sufficient to handle the issue on the downlink (i.e., carrier specific Rmax can be configured).

	CMCC
	Yes
	We think the the current solutions to address the UL interference in non-anchor carrier would cause unnecessary UL resources waste for UEs in anchor carrier.
For Nokia’s comments, in NB-IoT network, the services terminals are mostly unmovable, such as smart meter and smart smoke sensor. These terminals initiate services with certain regularity, so the RSRP threshold can be adjusted based on the uplink interference over a period of time to address the uplink interference issues.

For MediaTek’s and Sequans’s comments, either increasing the UL repetition numbers for the anchor carrier or shrinking the coverage of anchor carrier, would impact the users in anchor carrier, including cost of network resource, time delay and so on. It’s to sacrifice the anchor carrier’s user experience to compensate for the uplink interference problem of the non-anchor carrier. On the other hand, the solutions will reduce access capacity and this is contrary to deploying non-anchor carriers to expand capacity.

For Qualcomm’s comments, the uplink interference from the service terminals in the surrounding cells will raise the background noise and will shrink the uplink coverage range, not only cell edge. The legacy specification is considered the DL issues in non-anchor carrier, but there’s no specification or parameters for UL interference in non-anchor carrier.

	ZTE
	Yes
	


8 companies replied to Q1.

Yes: 7 companies.

Maybe: 1 company. The company thinks the issue happened only nearer the cell edge rather than in good coverage
Rapporteur suggest RAN2 to confirm with the drawback for the current implementation solutions.
(7/8)Proposal 1: The current implementation solutions to address the UL interference in non-anchor carrier would cause unnecessary UL resources waste for UEs in anchor carrier, e.g., increasing the UL repetition numbers configured for the anchor carrier or using smaller RSRP threshold to shrink the coverage of anchor carrier.
As analyzed in [1], the current implementation solution to address the uplink interference issue is to adjust the RSRP threshold and NPRACH repetitions configuration of the anchor carrier, which will have bad impact on UEs in the anchor carrier. The RSRP threshould and NPRACH repetitions for non-anchor have to keep the same as anchor carrier. So [1] propose the following solution to solve the uplink interference issues in non-anchor carrier.
Q2: To solve the uplink interference issue, do you agree to introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier. The RSRP threshold list can be configured according the uplink interference.

	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	yes
	

	Nokia
	
	Only the cell edge users are affected. So the repetition level for last CEL alone to be changed. RSRP Threshold list only changes the threshold for CEL selection. But the issue seems to be for the last CEL only. So change of Repetition level for last coverage level for non-anchor carrier is sufficient.
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	MediaTek
	No
	The solution 1 (i.e. implementation methods like increasing repetition number or shrinking the coverage) and the solution 2 (i.e. Introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier) in [1] are exclusive. If the solution 1 is applied, there no need to apply solution 2, and vice versa. 

For a Rel-14/15 network, only solution 1 can be applied as this method is introduced in Rel-16. 

For a Rel-16 network, solution 1 can also be applied as it can fix the problem. However, if solution 2 is applied, only Rel-16 UEs can enjoy the benefit. For the large amount of existing legacy UEs(Rel-13/14/15) still suffer from the issue that solution 1/2 tried to fix. Solution 2 is ideal, not suitable for the real world.

	Ericsson
	Yes
	

	Sequans
	No
	While the solution can work (in which case we prefer for simplicity and flexibility not to limit it to the last CEL only), it will be redundant if an implementational solution is used.

Since legacy UEs will have to be handled with an implementational solution, we prefer not to specify anything new.

	Qualcomm
	No
	Increasing uplink NPRACH repetitions for non-anchor carriers compared to anchor carrier for the same coverage level is not a practical solution as this could require more NPRACH segregation.

Applying a different coverage level compared to anchor carrier does not make sense for good coverage levels; in good coverage the uplink/downlink performance should not be limited by interference.

	CMCC
	Yes
	We agree to introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier. 

Firstly, regarding to Nokia’s comments, the figure drawn by Nokia only reflects the DL coverage, not the UL interference. The uplink interference from the UEs in the neighbouring cells to the serving eNB will raise the background noise and will shrink the uplink coverage range, which impact all the UEs uplink, not only CE2 UEs. Because the raise of background noice has bad impact to eNB to receive uplink signal from UEs in all the CELs in the serving cell, not only CE 2 UEs. Therefore, it’s necessary to adjust RSRP threshold based on the uplink interference.

Secondly, solution 1(i.e. implementation methods like increasing repetition number or shrinking the coverage)  will impact the user experience in anchor carrier. The existing legacy UEs(Rel-13/14/15) may need to try more times to access to the non-anchor carrier with the current anchor NPRACH repetition, but  it’s still not a wise approach to sacrifice the users in anchor carrier to address the UL issues in non-anchor carrier.

	ZTE
	Yes
	Since the implementation solution has obvious disadvantage, operator can decide whether to deploy it based on the evaluation on the potential UEs which may benefit from this solution as while as the possible waste of resources (that would means some other UEs might be sacrificed due to insufficient resources). 

Therefore, it’s expected to introduce a better way (e.g., new RSRP threshold list for each non-anchor carrier) that can address the UE access to the network on the problematic carrier(s) or in the problematic area as accurately as possible, and the sooner the better.


8 companies replied to Q2.
Yes: 4 companies.

No: 3 companeis

Nokia, Qualcomm think that only the cell edge users are affected. While CMCC think DL interference impact only cell edge UEs, but UL interference impact all the UEs.

MediaTek, Sequans concerns that the new solution only apply to R16/R17 UEs, and cannot bring benfit for legacy UEs in R13/14/15. MediaTek think the issue only impact on MSG1, while CMCC thought MSG1 is bottle neck for NB capacity.
Since there is no clear majority view, Proposal 2 may still need some discussion.
(4/8)Proposal 2: To solve the uplink interference issue, introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier. 
The NPRACH CE level of the users on the non-anchor carrier is determined based on comparison between NRSRP measurement results and the RSRP threshold for the non-anchor carrier. The NRSRP measurement results for the non-anchor carrier can be deduced or measured by the UE on this non-anchor carrier. If the NRSRP measurement results is deduced by the UE, the result is sum of NRSRP measurement results for the anchor carrier and the downlink narrowband reference-signal EPRE offset of the non-anchor carrier relative to the downlink narrowband reference-signal EPRE of the anchor carrier(see nrs-PowerOffsetNonAnchor-r14 in SIB22).
Q3: If you agree with Q2, do you agree that the NRSRP measurement results for the non-anchor carrier can be deduced or measured by the UE on this non-anchor carrier and there is no need to modify current specification?

	Company
	Yes/No
	Comments

	Huawei, HiSilicon
	yes
	We agree that the NRSRP measurement results for the non-anchor carrier can be deduced from the anchor carrier using nrs-PowerOffsetNonAnchor and that there is no need for specification change. Note, this is similar (although the opposite way) to what is done for RACH in connected mode where the UE uses the configured carrier NRSRP measurement  to select the PRACH resource.

	Nokia
	NA
	

	Ericsson
	Yes
	

	Sequans
	Yes
	If the proposed solution is agreed

	
	
	

	Qualcomm
	No
	Not clear what would be the benefit of deducing the NRSRP of the non-anchor carrier given the issue is on the uplink.

	CMCC
	Yes
	Firstly, the RSRP threshold list for the non-anchor carrier can be configured based on the uplink interference to adjust the coverage area for different CE levels.

Secondly, the NRSRP measurement results of the non-anchor carrier can be deduced from anchor carrier using nrs-PowerOffsetNonAnchor or measured by the UE. The NRSRP measurement results have already considered the the downlink power offset of the non-anchor carrier relative to the anchor carrier.

	ZTE
	Yes
	


7 companies replied to Q3.
If the RSRP threshold for non-anchor carrier is agreeable, Q3 discussed that whether NRSRP measurement results for the non-anchor carrier can be deduced or measured by the UE on this non-anchor carrier and there is no need to modify current specification.

Yes: 5 companies

No: 1 company

N/A: 1 company

(5/7)Proposal 3: No specification impact to deduce NRSRP measurement results for the non-anchor carrier, i.e., it can be either deduced by using nrs-PowerOffsetNonAnchor or measured by the UE on this non-anchor carrier.
Q4: If you agree with Q2, which option is preferred if the UE selects a non-anchor carrier and the CE level of the non-anchor carrier is different from that of the anchor carrier?

Option 4a: the UE shall access to the anchor carrier with the better CE level if the CE level of the non-anchor carrier is worse than that of the anchor carrier.
Option 4b: if there is NPRACH resources for the determined CE level on this non-anchor carrier, the UE will access to the non-anchor carrier with the corresponding CE level of the non-anchor carrier. Otherwise, the UE will access to the anchor carrier with the better CE level (e.g., the CE level determined with the original RSRP threshold).

Option 4c: other options.

	Company
	Which option is preferred
	Comments

	Huawei, HiSilicon
	4c
	4a: this is a possibility but it would be moved all the load to the anchor carrier when it could be distributed. it seems also  simpler to exclude the non-anchor carrier before the NPRACH resource selection (see solution 4c)

4b: we think that may break power ramping and have a large impact on MAC specification.

4c: we think the simpler approach is to exclude the carriers with worse CEL than the anchor carrier when building the list of NPRACH resources. Then the selection mechanism is as per legacy. This could be captured with a single sentence in MAC in section 5.1.2.

	Nokia
	4c
	For UE in lower CEL the current algorithm and spec works well. For the last CEL, UE in non-anchor carrier can use higher repetitions to compensate the uplink interference.

Alternatively, UE can calculate extension of repetition level for last CEL based on the difference between anchor and non anchor carrier

	Ericsson
	4b/4c
	if we want to properly handle the CE level selection with consideration of interference, then we may also need to take the NRSRQ into account as well.


	Sequans
	4c
	Agree with HW

	Qualcomm
	4c
	Firstly, can’t this issue be solved through network implementation. There are at least two possible options:

1.  As HW mentioned, avoid using uplink carriers with too much uplink interference.

2.  If 1 is not possible then set uplink NPRACH repetitions for the worst coverage level such that it is suitable for the weakest uplink NPRACH carrier.

Both of these solutions are backward compatible but agree there is some drawback. Any specification based solution would not solve issue for legacy devices even if the solution is allowed for early implementation. Therefore, network based solution would still be needed for legacy devices.

	CMCC
	4a/4b
	For 4a, the UE would choose a better CE level carrier(anchor carrier) if the CE level in non-anchor carrier is worse than that in anchor carrier, and it will save the resource for the network and time delay for the UE. Only very few  users  would moved to the anchor carrier and we can balance the load of anchor carrier by the selection probability (see nprach-ProbabilityAnchor-r14 in SIB-22).

For 4b, the users that select the non-anchor carrier will access to the non-anchor carrier if the mapping CE level NPRACH resource is configured when the CE level in non-anchor carrier is worse than that in anchor carrier. In a word. the users in non-anchor carrier will access to the non-anchor carrier with suitable NPRACH repetitions.

For 4c mentioned by Huawei, HiSilicon, if  exclude the carriers with worse CEL than the anchor carrier, it may need to measure all the non-anchor carrier’s RSRP to determine the CE level of all the carriers and it’s a lot of measurement work for the UEs. For 4c 2point mentioned by Qualcomm, the uplink interference will shrink the coverage area for all CE  levels, not only the cell edge, so set uplink NPRACH repetitions for the worst coverage level is not enough.

	ZTE
	Prefer 4b
	We hope the load distribution still can be kept. If we go for 4c, some non-anchor carriers would not be used even it can be used (please note this carrier is not unavailable but just needs more repetitions). In the worst case, maybe all non-anchor carriers would be excluded. This unnecessarily cause bad impact on the load balancing among multi carriers for PRACH.


7 companies replied to Q4

Option 4a: 1 company

Option 4b: 3 company

Option 4c proposed by Huawei: 5 companies

Option 4c is agreeable for majority companies. Rapporteur suggest to agree on option 4c proposed by Huawei.

(5/7)Proposal 4:  Exclude the carriers with worse CEL than the anchor carrier when building the list of NPRACH resources. Then the selection mechanism is as per legacy. Capture a single sentence in MAC in section 5.1.2.
The draft 36.331CR and the draft 36.321CR are now available in the draft folder.
Q5: Do you agree with the draft 36.331CR and the draft 36.321CR? Comments are welcome.
	Company
	Yes/No for  36.331CR 
	Yes/No for  36.321CR 
	Comments

	Huawei, HiSilicon
	
	
	Exact details will need to be discussed once the solution is agreed. Below are some initial feedback.

36.331: 

the new RSRP thresholds should be signalled in SIB22 not SIB2

36.306

we also need a 36.306 CR to capture the support of the new mechanism as optional w/o capability reporting

	Qualcomm
	
	
	RAN2 first need to agree what is exactly needs to be solved i.e., is the fundamental issue on the uplink only or both uplink and downlink. Once RAN2 agrees on this then possible solutions can be discussed.

	CMCC
	Yes
	Yes
	Thanks for Huawei, HiSilicon’s comments, we have updated 36.331 that the new RSRP thresholds is now introduced in SIB22-NB. The CRs can be found in the “Draft CRs” folder. And 36.306 will also be provided if the solution is agreeable.

	ZTE
	
	
	Agree with Huawei’s suggestion.

	
	
	
	


If the general function is agreeable, rapporteur suggest to check the CRs for the second week.

Proposal 5: If the solution is agreeable, RAN2 to check the CRs during the second week.

2 Conclusions

Here are proposals for this offline discusison:

(7/8)Proposal 1: The current implementation solutions to address the UL interference in non-anchor carrier would cause unnecessary UL resources waste for UEs in anchor carrier, e.g., increasing the UL repetition numbers configured for the anchor carrier or using smaller RSRP threshold to shrink the coverage of anchor carrier.
(4/8)Proposal 2: To solve the uplink interference issue, introduce a new RSRP threshold list for each non-anchor carrier for random access to determine the UE’s CE level on non-anchor carrier. 

(5/7)Proposal 3: No specification impact to deduce NRSRP measurement results for the non-anchor carrier, i.e., it can be either deduced by using nrs-PowerOffsetNonAnchor or measured by the UE on this non-anchor carrier.
(5/7)Proposal 4:  Exclude the carriers with worse CEL than the anchor carrier when building the list of NPRACH resources. Then the selection mechanism is as per legacy. Capture a single sentence in MAC in section 5.1.2.
Proposal 5: If the solution is agreeable, RAN2 to check the CRs during the second week.
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